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UPPER ATMOSPHERE AND SPACE RESEARCH
Trgnslation
EXCERPTS FROM MONOGRAPH ON SPACE VEHICLE CONTRCL

Moscow UPRAVLENIYE KOSMICHESKIMI APPARATAMI (Space Vehicle Control) in
Russian 1978 signed to press 14 Nov 78 pp 33-99, 145-185

[Excerpts from book by G. D. Smirnov, Izdatel'stvo "Nauka," 17,500 copies,
192 pages]

General Description of Space Vehicle Control System
Description of System, Purposes and Problems

The control system in a general case is the totality of objects, considered
as'an integrated whole. It includes the controlled object, the controlling
facility and the communication channels which ensure interaction among them.

In the implementation of a space flight a control system is used which con-
sists of a space vehicle or controlled object, a ground flight support com-
plex or controlling facility, and communication radio channels intended for
the reception and transmission of different kinds of information. The total-
ity of the means created for this purpose forms an extremely complex land-
space control system of the remote type, involving one or more space
vehicles with their spatial-temporal and functional characteristics, and
elements of spaceflight ground support, situated at different geographic
points on the continents and ocean areas over the earth.

The basis for control is the process of adoption of decisions which are
formulated as instriuctions, orders and commands and which are sent to the
controlled object for execution. In order to finalize a decision it is
necessary to process and analyze a definite quantity of information re-
flecting the principal characteristics of the controlled object.

The ground-space system, consisting of an individual space vehicle and
the ground support complex for its flight, forms a.closed control circuit.

. The number of such circuits corresponds to the number of vehicles serviced

by the ground support complex, and characterizes its handling capacity.
The combination of some number of space vehicles serviced by a stipulated
ground support complex can be called a multicontour control system. N

1
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Examining the functioning of an individual circuit, it is possible to
obtain some idea concerning the operation of the entire ground-space
control system. This simplifies description of the system and with some
error reflects the quantitative and qualitative aspects of the processes
transpiring in it.

E The elements of the ground-space control system are situated in space and
on earth. The system is characterized by great distances separating the
space vehicle from the ground flight support facilities. A graphic idea
concerning  the magnitude of the system, for example, when carrying out
interplanetary flights, is given by the extent of the communication chan-
nels, estimated using the distance and time of radio signal propagation.
These data are given in Table 7.

Table 7

Time of Radio Signal Propagation as Function of Distance of Planets
Parameter Moon Venus Mars Jupiter Saturn
Distance from earth, km 4.05-105 5-107 8-107  6.27-108  1.3.109
Time of signal propaga-—

tion to object and back 3
in sec 2.7 3.3.10%2 5.3.102 4.2-103  8.6-10

The distribution of ground support elements has a global character. For ex-
ample, the flight control facilities for the "Molniya-1" communication sat-
ellites are located in Moscow and Vladivostok, that is, at a distance of
about 7500 km. The elements of the support complex for the manned space-
ship "Soyuz-19," a mission carried out in 1975 under the "Apollo"- -"Soyuz"
program, were located in the territories of both the USSR and United States,
as well as in the Atlantic Ocean area.

The totality of ground support facilities for space flights includes a
number of data-measurement, radiocommunication and radiocommand subsystems.
Working in these subsystems are various computers and groups of specialists
ensuring normal functioning of individual elements and subsystems as a
whole.

The Space Vehicle Control System, the highest control facility in the sys-
tem, accomplishes the overall planning, coordination and finalization of
control decisions in the "earth-space vehicle' system both for the space
vehicles and for different ground support subsystems (the "ground").

A brief characterization of the ' earth—Space vehicle" control system makes
it possible to assign it to the class of, multlcontour multiphase, nonlin~
ear and nonstationary complex systems similar to control systems of a
national type.

The need for high speed and high accuracy of the system is caused by the
requirements for a high reliability of cpntrol of a space vehicle, moving
in space at an enormous velocity, and a great number of controlled

2
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and monitorable rapidly transpiring processes aboard vehicles and in their
neighborhood.

. The "earth-space vehicle" control system in full measure has all the criteria
for complex systems, which include:

—~— the possibility of a breakdown of the system into a number of isolated
subsystems;

~- great dimensions of the system (the concept "dimension" includes a consid-
erable number of individual subsystems, units, their spatial distribution and
the time intervals of system functioning);

—— retention of the general purposefulness of functioning;

-- presence in the system and its individual subsystems of some number of in-
puts and outputs, which makes it possible to assign it to systems of the

open type;

-- a hierarchy of the system (its multilevel structure), making it possible
to adhere to the principles of subordination of the lower levels to the
higher levels;

~— circulation of great flows of information of the stochastic (probabilistic)
type with clearny expressed random characteristics;

—— the presence of a multipurpose aspect of functioning of individual sub-
systems, ensuring solution of the general problem assigned to the system.

A description and analysis of the "earth - space vehicle" system, like many
other complex control systems, is accomplished using the theory of observa-
bility and controllability. .

By the term '"system observability" is meant the problem of determining its
state on the basis of measurement (observation) data, System controllabil-
ity is evaluated by the possibility of a purposeful change in its state
during a definite time interval. The realization of controlling functions
in the system assumes the presence of a close correlation between observa-
bility and controllability. ‘

y7) v Space Vehicle
/ -
, ',///L-—] A

Fig. 10. Enlargement of block diagram of "earth-space vehicle'" control sys-
tem. 1) space vehicle; 2) reverse channels; 3) direct channels; 4) informa-
tion-measurement subsystemns; 5) information-computation subsystems; 6) com~
mand subsystems

The technical means for solving the observability problem for a spacecraft
are the information-measurement subsystems, which in their input sections
interact with the space vehicle, and in their output sections —- with the
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information-computation subsystems. The problem of space vehicle controll-
ability is solved by autonomous, nonautonomous and mixed control means,
the basis for which is radio command and programming subsystems. Figure
10 shows a block diagram of the "earth - space vehicle" system.
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Fig, 11. Diagram of states of a space vehicle and "environmental" effect on
vehicle.

The state of the space vehicle is determined by a number of parameters char-
acterizing both the effect of the external medium and the controlling ap-
paratus on it and the transpiring of processes within the vehicle. The
parameters measured in flight are called monitorable, whereas those which
are not measured are called nonmonitorable. The parameters expressing the
external influences on the space vehicle are called "effects." However,

the effects produced by the control system are called "controlling effects.”
The effects on a space vehicle not dependent on the control system are call-
ed perturbations; they can be broken down into two types: load and inter-
ference. The load, changing with time, is determined by the functioning

of the space vehicle and the vehicle in essence cannot be protected against
it. However, interference is associated with different undesirable pheno-
mena and its decrease is desirable in any way possible.

The parameters cuaracterizing the state of the space vehicle and on the basis
of which control is accomplished are called controllable or operational.
Their number can be extremely significant: for example, on spaceships of the
"Soyuz'" type this number attains 300. Usually, the more complex the vehicle,
the greater is the number of different instruments and systems with which

it is supplied and the greater is the number of controllable parameters
necessary for control.

The parameters characterizing the effects on the space vehicle and its state
_ are schematically shown in Fig. 1l. Here the totality of the monitorable
perturbations is denoted by the vector g = (g1, g2,...,8y), the unmonitorable
parameters are designated by the vector f = (fl, f2,...fk), the controlling
effects -~ by the vector u = (uj, u2,...us), the controllable parameters —--
by the vector y = (yl, ¥2s.e«5Yp). The totality of the monitorable and non-
monitorable parameters, characterizing the state of the space vehicle, is
designated by the vector x = g + £ = (x], X2,...,%X); in this case n) m.

4
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The systems of equations, being a mathematical description of the space
vehicle, relate the controllable (operational) parameters to all the exter-
nal and internal effect on it. The mathematical description of the vehicle
can be represented in the form of systems of differential equations (for
continuous processes), difference equations (for discrete processes) or

- their combination for complex processes.

With known initial conditions the system of equations makes it possible, on
the basis of  the external effects g, f, u to find the vector of state x
and the output controllable parameters y of the space vehicle.

Since a space vehicle is a dynamic system, it is necessary to investigate
the functional dependence of u, g, f with stipulated functional changes
of the external effects g(t), f£(t), u(t) or their statistical character-
istics. Then the control algorithm reads as follows:

y = A{u: &> f}’

where A is a nonlinear, vector operator, making it possible, with known
functions of time u(t), g(t), f(t) to determine y(t). By means of intro-
ducing the concept of an auxiliary vector, characterizing the state of the
space vehicle, the mathematical description of space vehicle dynamics 1is
represented by the Cauchy equations in normal form:

}'€=sz)'( {‘U, g, f, x};}':yy{y’ 8 f,x},

where x = dx/dt, and YW and yy are some (in a general case) nonlinear
vector operators, transforming the time-dependent variables u, g, f, x.

For solving these equations it is necessary to know the initial conditions,
that is, the vector x(0).

If the controllable parameters gi and yi are sufficient in order to deter-
mine the state of the space vehicle (vector x) in accordance with the Cauchy
equation unambiguously, the vehicle is called completely observable. If us-
ing the controlling effects uj it is possible to stipulate unambiguously
the state of the space vehicle, the vehicle is called completely controll-
able. Such cases are ideal; in actual practice the observability and con~-
trollability of a space vehicle are realized with a series of limitations
and assumptions.

A space vehicle, having the properties of observability and controllability,
has a possibility for controlled transition from one state to another. In
this case the subsequent state may differ from the preceding spatial-temporal

- parameters (range, velocity, direction) or functional parameters (temper-
ature, pressure, current voltage), which characterize each subsystem (in-
strument) aboard the space vehicle.

The first group of parameters is extracted from the information on naviga-
tion measurements; the second is the telemetric parameters. The measured
values of the parameters in both groups-and the time tj reflect the behavior
of the vehicle at this same moment. “
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The total number cf parameters determines the multidimensional space of

- states of the space vehicle and the limiting values of each parameter char-
acterize the region of the state space in which the point representing the
space vehicle may be situated. Any state of the vehicle 1s represented by
a set of numerical values of the parameters and can be designated in state
space by some point which can arbitrarily be called the "representative
point." Its movement in state space corresponds to a change in the state
of the space vehicle and the limits of movement determine the region of
its admissihle states.

For example, the vehicle's performance of a maneuver in space involves
a change in the value and direction of its velocity vector, which is a
reason for its transition from one state into another.

The totality of the controlling effects, considered in the form of the func-
tion u(t), is formed by the space vehicle control system and is one of its
principal tasks. The controlling effects to which the space vehicle is sub-
jected can be divided into two types. The first includes effects changing
motion of the center of mass and rotation of the space vehicle relative

to the center of mass. Since these effects exert an influence on the dy-
namics of the vehicle, they can be called dynamic. Among the controlling
effects of the second type are those which exert an inflience on the trans-
piring of processes in different instruments and systems of the spacecraft
and exert no direct influence on its dynamic characteristics. Effects of
this type can be called functional (for example, operation of scientific
instruments, communications equipment, means for observing the earth from
space).

In addition, an equally important task of the control system is the output
of the written and oral orders and commands which are realized by the
ground organizational-technical facilities of the system. The execution
of this task is assigned to the Control Center, carrying out direction

of the system as a whole.

The perturbations to which a space vehicle is subjected and which are not
dependent on the control system are formed by the external medium surround-
ing the vehicle. The system "medium," in a general case, is the totality of
- the elements not entering into the makeup of the system, but exertilg an
influence on its state and behavior (that is, on controllability). Since
. the "earth - space vehicle" system is open, in this system there is a def-
inite interaction with the external medium. The medium exerts an influence
on the control system, and the latter, in turn, exerts an effect on the
medium.

A space flight transpires in a different external medium whose properties
exert different influences on the vehicle. In the first phase of the

flight the space vehicle is situated in a medium with terrestrial character-
isticsy then for a long time it is present in space and in the final stage

) 6
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is subjected to the influence of a Venusian medium with a temperature up
to +400°C, a pressure of 100 atm and a gas composition of the atmosphere

i different than on the earth. And despite such diverse media, the spacecraft
must have complete controllability, because only in this case will it ac-
complish the assigned mission.

The quality of control or the possibility of solving the assigned task are
usually evaluated using the criterion of effectiveness of the system, by
which is understood the degree to which the goal is attained. With this
state space it is assumed that there is choice of some region within
which the target point is situated. In many cases the target is not stip-
ulated by a point, but by a target function, using which the control sys-
tem "guides" the object in the optimum way.

Since a space vehicle is a complex apparatus with a great many assemblies,

a number of controllable processes can transpire in it, some of which must

be lessened, whereas others must be strengthened. For each process it is
possible to formulate its particular target function and their totality
determines the principal target function of the space vehicle. Problems

in finding the target functions are solved using a special mathematical
method, linear programming, and their solution makes it possible, by theoret-
ical procedures, to determine the possibility of attaining a stipulated
target in the optimum way.

Control Methods

As already mentioned, the principal elements of the control system are the
controlled object, the controlling system and communication channels, en-
suring the exchange of information. The controlling system forms and trans-
mits control signals (commands) for the object to be controlled, from which,
in turn, signals are transmitted to the controlling system, carrying infor-
mation .on its state. The communication channel used for the transmission of
information on the state of the controlled object is called the feedback
channel.

The presence or absence of a feedback channel makes it possible in a class-
ification of control systems to designate them as closed or open. The prin-
cipal difference between them is in the different methods for producing the
controlling effects,

In open systems the controlling effects are not influenced by the actual course
of development of the controlled process and the state of the surrounding
medium. In such systems the control process is realized on the basis of rigor-
ous programming methods, elimination of the effect of perturbations on the
controlled object or compensation of this effect.

Control under a rigorous program assumes that the law of change of the con-
trolled parameter is known and it can be introduced into the control system
in advance, The method of control under a rigorous program is used in systems
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where the influence of perturbing effects is insignificant.

In order to increase the effectiveness of control in open systems use is

also made of the method of compensation of the effect of perturbations on

the controlled object. In this case the controlling system registers the _
magnitude of the perturbation and forms a controlling effect on the con-

trolled object, the result of which should be a compensation of the influ-

ence of the perturbing effect., In addition to such systems, there are sys-

tems in which it is not the influence of the perturbing effects which is

compensated, but the effects themselves.

In closed systems the controlling effects are produced on the basis of al-
lowance for changes in the state of the controlled object. Such systems
function in the following way. Given effects (commands) are fed to the
controlling system; these are determined by the state of the controlled

%, object. Information concerning this is fed through the feedback channel.

- | A special device compares both states and in the case of their noncoin-

/ cidence controlling effects are produced in the control system; these 5
eliminate the mismatch which arises.

..Depending on the type of commands, closed control systems can be classified
as stabilization systems, systems with programmed control and "tracking"
systems. In stabilization systems the controlled parameters are kept con-
stant with the necessary accuracy@ Programmed control is based on the rep~
resentation of a command in the f&rm of a function of some parameters,
which determine the state of the ctntrolled object. "Tracking" systems are
closed systems intended for changing the state of the controlled object
in conformity to a law unknown in advance, determined by some external
medium. g

In "earth-space vehicle" control systems it is systems with a feedback
which are predominantly used. They ensure a higher effectiveness under
conditions when the elements of such a system are spaced at great distances
and are subject to a great number of perturbing effects arising during
changes in the characteristics of the surrounding medium.

The overwhelming majority of space vehicles are multifunctional controll-
able objects, the makeup of which includes a number of subsystems, indi-
- vidual instruments and apparatuses. Their "matched" operation is directed
to the performance of the goal assigned to a space vehicle. The control of
such an object requires the presence of several controlling systems, each of -
which is intended for the realization of a definite function. If it is as-. ;
sumed that each subsystem of the vehicle consists of a controlled object
and a controlling system, in this case it can be represented as a multi-
circuit control system. Since there is an interrelationship between these
“"eircuits" in the performance of control processes, such systems can be
classified as multiply connected control systems. !

8 ?‘_
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The control problem, involving the producing of controlling effects, is

more difficult to soive the more complex is the space vehicle. In the
simplest on-board subsystems for regulation or stabilization on the basis

of a limited number of parameters (pressure, temperature, current strength
or voltage) a relationship is established between the changes in thesz para-
meters and the controlling effect. In complex space vehicle subsystems

there is an increase in the number of controlled parameters and accordingly
the relationships between them are more complex. The relationships become
less definite and frequently have a random, stochastic character.

In such cases the choice of an unambiguous solution may be difficult.

A multicircuit and multiply connected system for the control of elements
and apparatuses, concentrated aboard a space vehicle, is the lower level
of the general system for "earth — space vehicle" control constructed on
the hierarchical primnciple.

The next, higher level is control of a vehicle by means of ground command
radio links.

The scheme for control of a space vehicle on the basis of use of these

radio links also provides for the presence of feedback communication chan-
nels through which there is transmission of less detailed information on

the state of individual space vehicle subsystems and on the results of
realization of the controlling process, that is, information on the reaction
of the controlled subsystems to the controlling effects. The reception of
information on the state of a space vehicle, including data on its spatial-
temporal and functional characteristics, is accomplished by the information-
measurement subsystems: radar and radiotelemetric stations, communication
and television systems entering into the closed "earth - space vehicle"
control circuit.

The controlling effects transmitted through the "command radio link - space
vehicle" channel have a more general content than the effects formed in
space vehicle subsystems. They include commands for the switching of some
subsystem on or off, the imparting of a constant (rigid) or correctable
(flexible) form to work programs in which in discrete form there is repre-
sentation of a successive set of commands and the time of their execution,
In addition, using command radio links it is possible to tramsmit to the
vehicle some extraordinary commands, duplicating the operation of control
systems by individual subsystems of the space vehicle in different unfore-
seen situations.

Allowance for the functional relationships arising in the process of inter-
action between a space vehicle and ground radio control facilities makes it
possible to define three possible methods for control which can be realized
in the "command radiolink - space vehicle" system. Now we will consider .them *
in greater detail.
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- The modern level of cybernetics, and in particular, on-board digital comput—
ers, used in space technology, makes it possible to ensure autonomous con-

- trol of space vehicles (without use of ground facilities). In this case
the space vehicle has an automatic system incorporating the controlling
system and the controlled systems in a single technical complex. Such a
method assumes a preliminary development of the controlling program, in-

- cluding in this some number of different commands and initial data required
for the realization of a given control process,

The controlling program in coded form (for example, in binary codes) is
registered in the memory block of the control system and in a stipulated
time interval t = t] = tg, whose initial moment tQ is determined by a spec-
ially fed command or an on-board controlling system, brings about the neces-
sary process in the controlled system. The complexity of the controlling
program is evaluated by the total time of its operation and also the number
and frequency of execution of individual commands contained within the pro-
gram. The simplest programs have two alternative commands, for example,
"switch on - switch off" for some device on the vehicle.

More complex programs consist of two or three dozen individual commands
produced by the space vehicle control system in dependence on the current
state of some particular controlling process. An example of a complex control
program is ensuring the soft landing of a space vehicle on the lunar sur-
face.

The controlling program can be introduced into the control system in advance,
prior to the launching of the space vehicle, when the control process has
been sufficiently well studied and there is a virtual absence of a mismatch
between its computed and actual course. In all other cases the computed con-
trolling program is subjected to correction, taking into account the dif=-
ference between the flight trajectory of the space vehicle and the stipul-
ated trajectory, changes in the state of the on-board instrumentation or
requirements on changes in the control process.,

The logical possibilities of an on-board computer as a tool of programmed con-
trol for a space vehicle make it possible to formulate rigid and flexible
programs. By ''rigid" is meant those programs in which the sequence in the
R issuance of commands, their meaningful content and the time intervals be-
tween commands remain constant. Flexible programs are used for the control
of procegsés not known in advance. In such programs the sequence of issu~
- ance of commands, the time intervals and their meaningful content can vary.
E In this c£§e the controlled parameter of some control process must with a
- stipulatedyaccuracy reproduce this measured parameter or its time function.

In addition to an on-board electronic computer, for the programmed control
of space/vehlcles it is possible to use time-programming or command-timing
units. T These automatic components_also constitute computers, but of a type
somewhat simplified in comparison with an on-board computer,

10
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The method of programmed control of space vehicles, being completely inde-
pendent of ground facilities, has many merits. In its realization it 1is not
necessary to take into account the time and conditions for the propagation
of radio waves, the state of the ionosphere and the presence of noise; there
is no need for allocating special frequency ranges for the control channels.
There is a considerable decrease of the load on the ground flight support
facilities. However, this method also has some shortcomings: absence of on-
going monitoring of the state of the space vehicle on the earth, difficulty
in operational intervention in the controlling program executed aboard the
vehicle.

The complete opposite of the space vehicle programmed control method is the
command method, in which it is provided that each controlling operation,
such as preparation of the on-board subsystems for operation, their switch-
ing on and off, restructuring and change in operational regimes, tasks for
implementation of the flight program, are accomplished exclusively by com—
mands from the earth.

The practical realization of this method under the condition of control of
extremely complex systems requires a high efficiency of the direct and re-
verse communication channels. During brief time intervals, determined by
the duration of the communication sessions with the space vehicle, it is
necessary to rework and analyze a great volume of different information
transmitted from the space vehicle, adopt a decision and transmit to the
- vehicle a considerable number of different commands. Such a control method
is extremely time-consuming in implementation, overloads the ground facilit-
ies of the system and is inadequately reliable because from the moment of
the vehicle's departure from the effective zone of ground command radio
links no controlling operations can be executed aboard it. This reduces the
B effectiveness of the command control method and its use in "earth-space
vehicle" systems is limited.

The third method for control of a space vehicle is based on the combined use

of the two considered methods, as a result of which it is called a command-

programmed control method. With its application in the control system, for

the forming of controlling effects use is made of elements of both the on- )
B board automatic systems and the ground radio command facilities. The command-

programmed method, due to the possibilities for control flexibility, the

possibility of duplicating individual control tasks, and as a result of

this, having an increased reliability, has come into the broadest use in

space control systems.

The essence of the method is as follows: a control program for some space
vehicle subsystem is introduced into the memory units, on-board command-
timing and time-programming devices or on-board computer before the launching
or in the course of the flight by means of command radio links or other
- methods; then, at the computed time, a command is tramnsmitted for activation
- of the control program. In the course of its execution commands can be
issued for correction of the program or its discarding, which is influenced
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by the course of the controlled process in the space vehicle subsystem. The
possibility of such intervention in the programmed control process makes it
possible to take into account unforeseen situations arising in the medium
surrounding the space vehicle, to eliminate the consequences of abnormal
operation of a subsystem, and also to compensate for the accumulating errors
in the regulable parameters. It also must be noted that in the case of ab-
normal or unintended operation of the control program the latter, by command
from the earth, can be "scrubbed" or erased and again be put into the memory
unit of the corresponding on-board control system.

The use of command-timing or time-programmed devices ensures the solution of
problems in the programmed control of individual space vehicle subsystems.
For example, their activation and deactivation in accordance with a defin-
ite time schedule, maintenance of some parameters within stipulated limits,
etc. by on-board computers, which are usually universal, small and highly
productive, make it possible to solve a broader range of problems relating
to the control of a space vehicle. Using them, for example, it is possible
to process the results of navigation measurements and compute the parameters
of a maneuver of a vehicle in orbit. They can also process telemetric infor-
mation on the functional state of a space vehicle and on the basis of the
results form controlling effects for the controlled subsystems. Moreover,
using on-board computers it is possible to carry out modeling of some emer-
gency situations arising during the spaceflight process. The result contains
data on the reasons for the malfunction and also gives recommendations on
the adoption of subsequent solutions for safe outcome from the emergency
situation which has arisen.

The command-programmed control method favors a substantial decrease in the
volumes of information transmitted through the communication channels of

the "earth - space vehicle" system, to a considerable degree makes the con-
trol process easier, lightens the load on the command and information-meas-
urement subsystems of the ground complex, and finally, makes it possible to
control the vehicle and its individual subsystems outside the effective zone
of ground control facilities.

When in the system for control of a specific vehicle one of the considered
control methods has been determined, the reébonsibility for its rational

use is imposed on the space vehicle control center -- the highest level

in the hierarchy of the control system. In this case the control center is
given the right to solve strategic control problems determining the imple-
mentation of the spaceflight program as a whole. Taking into account the
special position and significance of the control center in the overall con-
trol system, it is desirable to examine its principal peculiarities, the means
and methods for solving the problems assigned to it.

The space vehicle control center is the central directing facility of the
system, outfitted with the necessary resources, This, in essence, is the
"brain," an operational-technical center which constantly holds in its hands
all the control lines for the space vehicle from the moment that it is put

12
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into orbit to the end of its active functioning.

Among the main groups at the center which exert a direct influence on the
control processes are the following:

—- the main control group, responsible for the development of the session
and daily programs, the monitoring of their implementation and correction
during the course of space vehicle flight; it heads and unites the activity
of all the other groups participating in control of the space vehicle;

—- the flight ballistics support group, whose task is determination of the
orbital parameters, evolutions of the orbit and other ballistic computations;
—— the telemetric support group, solving problems in the diagnosis and tele-
metric control of the state of on-board systems and assemblies;

-- group for analysis, modeling and simulation of different situations which
may arise aboard a space vehicle;

—- group for computing, issuance and monitoring the implementation of pro-
grams and commands.

The result of joint operation of all the enumerated groups is the finaliza-
tion of a decision on control of the space vehicle in a stipulated time in-
terval, which is considered and approved by the flight director.

The launching of each space vehicle and the direct functioning of the groups
entering into the space vehicle control center is preceded by the working

up of a number of fundamental documents, instructions and procedures (flight
documentation) determining the load placed on ground facilities, control
methodology and some specific peculiarities of space vehicle control (for
example, in the control of manned spaceships when procedures for manual
control of individual on-board subsystems and instruments are allowable).
The requirement that these be worked out ahead of time is dictated by the
necessity for special servicing of each newly launched space vehicle, taking
into account the space conditions prevailing at the moment of its launching.
The launched vehicle must be entered into the schedule of motion of all ac-
tive space vehicles and must normally "coexist" with them under the condi~
tion of optimum distribution of all the ground facilities for the support

of space flights. In addition, a factor of extremely great importance in

the processes of space vehicle control is the great velocity of their motion
(for space vehicles in low orbits) relative to the ground control facilities.
The duration of presence of such space vehicles in the zones of radio vis-
ibility of each point is 5-10 minutes. It is obvious that with such small
time intervals preprepared documentation will considerably ease the control
problem.

The flight documentation, in addition to documents determining the sequence
and interaction of the information-measurement and information-computation
subsystems, includes documents regulating the processes of space vehicle
control. These documents include: '

— the flight mission, determining the purposes and objectives of the space
vehicle and also containing a summary of the ballistic, mass, size, energy
and other data concerning the vehicle;
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-— initial data on the masses of the working media in the space vehicle
suhsystems, temperature, pressure, energy possibilitles of the power units,
measured directly prior to the launching of a space vehicle and being the
initial points for reading between successive measurements;

-— the flight plan, containing orbital, session or daily work programs, with
a description of the makeup of problems to be solved by the space vehicle
in each stipulated time interval, with the enumerated involved ground sup-
port facilities, and also with the variety'and time of the issued commands
. or special programs for space vehicle control;

- —- a method (sometimes a model) making possible the operational adoption
of an optimum solution on control of a space vehicle under normal or non-
standard conditions.,

A space flight is usually carried out in accordance with the formulated
program, The space vehicle Control Center carries out monitoring of imple-
mentation of all operations associated with the process of its control,

_ascertains the quality of operation of each on-board subsystem or instru-
ment, stability of their working characteristics, current expenditure of
the working medium and the needs for electric power.

Sometimes nonstandard situations can arise aboard a space vehicle, that is,
those not provided for in the flight program. Their reasons are a determina-
tion of the characteristics, a partial malfunctioning of individual space
vehicle subsystems or a change in its flight program. The appearance of
such situations usually has a random or forced character and it is virtual-
ly impossible to predict them. The space vehicle flight program is supple-
mented for such cases by a specially developed method in which the most
probable unplanned variants of on-board subsystems operation are consider-
ed. An appropriate recommendation is prepared for each variant; its main
purpose is retention of the operability of the space vehicle in such a way
that the flight mission will be implemented.

Particularly important space experiments, such as launchings of manned space
vehicles, assume the preparation of special physical and mathematical models
formalizing the processes of functioning of individual subsystems and the
vehicle as a whole. Using a mathematical model introduced into an electronic
computer it is possible to carry out a 'play through" of the unplanned situ-
ations arising aboard the space vehicle and the results obtained in this
case contain the most advantageous solution. The use of a model and an el-
ectronic computer makes it possible to determine the reasons for abnormal
operation of the space vehicle and quite routinely formulate a plan for
further actions for its control. A shortcoming of such a method is the

great volume of preparatory work in formulating mathematical models and
their computer debugging in the programming stage.

In individual communication sessions the control of a space vehicle is ac-
complished without preformulated solutions, when there are no developed
mathematical models. In these cases the controlling process is carried out
on the basis of finalizing and adopting operational decisions. The struc-
tural diagram of such control is characterized by increased requirements
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on the routineness of solution of all special problems to be solved in

the system. It includes the reception, processing and analysis of the
measurement data arriving in the course of the communication session and

the operational adoption of a decision with the output of corresponding
commands in this same communication session., Most of the problems to be
solved by the information-measurement, information-computation and command
elements of the system are dealt with on a real time scale (that is, at the
rate of data reception) or at a quasireal scale (that is, with time lags
making it possible to carry out space vehicle control in the current commun-
ication contact).

Such a control scheme is the most complex to design because during the
short time interval of the communication session it is necessary to process
and analyze a great amount of information and select the best from several
control variants. Usually such a process is realized on the basis of the
intensive operation of technical means and teams of persons capable of
routinely evaluating the state of a vehicle in a particular communication
session.

Functional and Structural Diagrams

For a more graphic representation of the "earth - space vehicle" control
system use is made of functional and structural diagrams corresponding
to the functional and structural representation principles.

A functional diagram is a diagram in which each functional element of the
system is expressed by a definite link or apparatus. The structural dia-
gram of a system is a diagram in which each mathematical operation for
signal conversion corresponds to its particular link or apparatus.

Since the "earth - space vehicle' control system can be classified as a
complex system, it can be divided into a series of isolated subsystems,
each of which performs its special tasks with well-expressed properties

of their general purposefulness. Such an approach simplifies the construc-
tion of functional and structural control diagrams and makes their inves-
tigation easier. In this case each subsystem can be examined autonomously
with respect to the limits of its input and output sections.

On the basis of an analysis of existing control systems it is possible to
define the following basic subsystems.

1. The space vehicle subsystem. It includes the entire diversity of active-
1y operating space vehicles, which characterize space conditions at a

given moment in time. (We will assume that passive space vehicles are

not serviced in the system.)

2. The subsystem of command-measurement points (CMP), consisting of a net-
work of interconnected stationary and nonstationary (floating, aircraft,
helicopter) complexes, supplied with radiotechnical and radio communication
facilities, subordinate to a single control facility. "
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Fig. 12. Functiomal diagram of "earth - space vehicle" control system.
Subsystems: 1) space vehicles; 2) command-measurement polnts, 3) computers;
4) flight control centers; 5) command radio systems
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Fig. 13. Structural diagram of sequence of main operations in "earth - space
vehicle" system. 1) reception of commands by space vehicle; 2) implementa-
tion of commands; 3) output of data concerning state of vehicle; 4) recep-
tion of information; 5) processing; 6) analysis of results; 7) formulation
of decisions; 8) issuance of commands

3. The subsystem of computers ensuring mathematical processing and collec-

tion of the information used in the monitoring of a space vehicle and its

control. The subsystems include regional and central single-~ and multipro-

cessor computers, apparatus for connection with communication channels and
- elements of representation of the results obtained.

4. The subsystem of central facilities for control of the system, consisting -
of means for automated control, communication units, means for the display

of space conditions, state and behavior of the space vehicle, and also

groups of specialists responsible for functioning of the "earth - space

vehicle" control system. ) : -

5. The subsystem of command radio facilities,'functionally combined with
the central control facility, directly or through the command elements of :
the measurement points. The subsystem includes some number of command L
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radio stations of the autonomous or "matched" types.

The functional diagram of the control system has the form shown in Fig. 12.

All the subsystems are interrelated. The relationship is ensured by means

of direct and reverse channels of different types. For example, the interac-

tion between the space vehicle and the CMP subsystem is accomplished only

on the basis of radio communication channels. The other subsystems are re-

lated to one another both by radio and through wire communication channels.

The group of direct channels in the system is usually used for the trans-— :
mission of controlling effects regulating the sequence and order of opera-
tion of space vehicles or ground flight support subsystems. Measurement,
time and radio communication information (radio exchange) is fed through

the group of reverse channels, as are confirmations of the reception of
control commands. With passage through individual subsystems the informa-
tion in the reverse channels can be converted or subjected to different
types of processing. These processes must transpire with mandatory satisfac-—
tion of the requirements on the maximum possible retention of the initially
determined information characteristics constant in the entire length of the
channel through which the signals pass.

The presence of reverse communication channels is characteristic for "earth

- space vehicle" control systems. By their use it is considerably easier

to carry out the control functions by such a complex technical apparatus

as a modern space vehicle. In addition, the carrying out of experiments

in space is accompanied by an influence on the vehicle from a number of ran-
dom factors, which are extremely difficult to make allowance for. Space and
the surfaces of the studied planets, despite intensive investigations, never-
theless "hide" individual inadequately understood effects and phenomena.

The space vehicle control system must always be ready for their effects,
which are difficult to predict.

A space vehicle, as a controlled object, consists of individual elements and -
subsystems, whose matched and controlled operation ensures the implementa-

tion of a given space experiment. During the course of the flight the con- -
trolling effects can be formed directly on the space vehicle in the corres-
ponding apparatuses or be fed from earth. It must be emphasized that differ-
ent space vehicle subsystems can be controlled differently. The use of the
corresponding control methods for different space vehicle subsystems is de-
termined by the nature of the processes tramspiring in them.

For example, the control of a jet engine in the maneuvering of a spacecraft
(docking, correction, landing) should bé accomplished using control systems
placed on the vehicle. Slowly transpiring processes can be controlled by
means of commands fed from the earth.

The control process in the '"earth - space vehicle" system is based on a num-
ber of successively or successively-parallely executed operations whose
meaningful description is shown in the structural diagram (Fig. 13). It
reflects the meaningful character of implementation of the principal
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operations and helps to clarify their purpose without a tie-in to specific
technical elements. In actuality, however, the diagram of the system is
considerably more complex because the control operations can be performed
in a number of technical apparatuses in the system simultaneously and then
be synthesized into a single whole.

Thus, the operation of "information reception" includes data obtained on the
state and behavior of the space vehicle transmitted by means of active
radar, telemetry and television communication. All the information cbtained
using these information-measurement facilities undergo separate processing
and analysis and in some cases are subjected to combined processing (for
example, joint processing of radar and telemetric information). Later such
information becomes the initial data for making a decision on space vehicle
control.

Each technical means in the system functions in accordance with a complex
algorithm which characterizes the presence of a considerable number of in-
formation-measurement conversions in them. In this connection we will cite
- a des¢ription of the algorithm for operation of the radiotelemetric system,
which contains the following special operatioms:
-— primary perception of information concerning problems and results of
space vehicle control;
—— collection, transformation and tie-in of information to the scale of tele-
measurements;
- —- formation of group signal and transformation of information to earth;
— reception, discrimination and registry of information for long-term
storage;
-- mathematical processing of operational volumes of information;
-— operational analysis of results of processing and issuance of recommend-
ations on control of space vehicles;
— forming of a decision and its embodiment in the command information.

The processing of navigation information is accomplished using an algorithm
somewhat differing from that described. However, its main meaningful value
remains approximately the same. '

The cycle of space vehicle control in any time interval is considered com-
pleted when all the necessary controlling effects (radio commands) regulat-—
ing the further implementation of the flight program have been transmitted
to the vehicle.

The command-actuating process of space vehicle control, realized on the

: basis of the cited algorithm, includes the following operations:
-- selection of the makeup of command information; .
—— formation of command information in accordance with principles of opera-
tion of the command radio link; '
~—- automatic or manual transmission of command information to space vehicle;
—— its reception and decoding in accordance with code criteria;
—- processing of decoded commands by the actuating parts of the space
vehicle and sending acknowledgments to the earth.

18

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6

- FOR OFFICIAL USE ONLY

The sequence of operations carried out by the command subsystem is the same
as the algorithm of its operation. Thus, in the realization of these two

- algorithms a controlling process is carried out ir the “space vehicle -
earth — space vehicle" system.

The meaningful form of the algorithms can be transformed into systems of dif-
ferent equations, as is necessary when using computers of the analog or dig-
ital types in the system. The systems of equations in this case by means of
different algorithmic languages are transformed into a computer code and

are introduced into a digital computer for solutions of the corresponding
control problems,

The totality of the algorithms, represented in a meaningful or formalized
- form (in the language of mathematical formulas and dependences), character-
- izes the mathematical description of the system and the processes transpir-
ing in it. The problem of developing a mathematical description is extreme-
ly complex and requires a knowledge of the physical laws on the basis of
which some particular process transpires.

The requirements of operational and reliable control of a space vehicle
are to a great extent dependent on the perfection and flexibility of the
organizational structural diagram. By this we will mean the organization

— of work of control personnel and groups of specialists servicing the tech-
nical apparatus of the control system. The basic problems arising in the de-
velopment of such diagrams are a determination of the proper interrelation-
ships among individual subdivisions of the control system, which is asso-
ciated with the determination of their purposes and missions, working and
stimulation conditions, distribution of responsibility among directors of
all ranks. Here it is also necessary to include the rational choice of
specific control schemes, the sequence of procedures preceding the adoption
of a decision, the organization of information flows and the choice of the
corresponding technical apparatus.

In developing the structural diagram for organization of the "earth - space
vehicle" control system there could be an unambiguous solution of the prob-
= lems of interaction between its individual elements and groups of control
and servicing personnel, that is, their tasks, subordination, determination
of working conditions and rest. All the goals and tasks are formalized in
the most specific form possible, precluding their incorrect interpretation.
It is entirely obvious that the points cited here are reflected in special
documents, manuals and instructions, a knowledge of which and whose adherence
' to is mandatory for every specialist participating in the process of space
vehicle control.

A number of specific requirements are imposed on personnel which participate
in the system of space vehicle control. Some of them can be formulated in
the following form:
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-- a high degree of organization and a clear understanding of the importance

of the problems to be solved;

-- the presence of a definite volume of knowledge and practical skills;

—— the ability for routine evaluation of the developing situation and to -
find the optimum solution;

-~ the possession of good physical and psychological preparation;

-- assurance of a correct microclimate in the interxrcelationships in teams,

good will, mutual understanding and the striving to assist a comrade.

In these requirements there is nothing exceptional, since to a certaln degree
they correspond to every normal man. The acquisition of experience and the
accumulation of knowledge in working in the system forms a specialist meet-
ing all the enumerated requirements.

The structural diagrams of organization of control of space vehicles can be -
constructed on the basis of the centralized or decentralized criterion. A
centralized scheme provides for the adoption of all decisions exerting a
significant influence on a space vehicle at the central control facility;
a decentralized scheme allows the adoption of individual decisions independ-
ently of the central control facility.

’V
As a rule, structural d:agrams of the organization of control are centraliz-
ed, that is, decisions exertlng a direct influence on the implementation of
a space expprlment are made and issued by the Control Center. An exception
to this ru’e can arise only when there are unforeseen situations of a random
character(

The space vehicle control center, directing all subordinate elements of the
system and having definite reserves of different apparatus, in the necessary
cases ensures their flexible maneuvering with respect to the time and terri-
torial criteria. The considered capabilities and authority determine the
strategic character of the planned work and the decisions adopted by the
Control Center within the framework of a specific space experiment. The sig-
- nificance and the scales of the work and decisions transformed into reality
by the control center commands play a decisive role in the execution of the
assigned missions by space vehicles with a stipulated effectiveness.

The work of the space vehicle Control Center as a facility for strategic
planning and the adoption of decisions is based on application of the fol-
lowing basic principles:

1. There must be a model of the system, that is, a desc%iption of the struc-
- ture of the system or the processes transpiring in it.

2. The final goal of the control system must be formulated.

3. Direct and indirect limitations must be formulated for tﬁe choice of the
corresponding decisions.
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4. It is necessary to determine the optimality criterion, making it possible
to select the one, most effective solution from among some set of possible
solutions and limitationms.

These points make it possible to develop three approaches to the problem
of adoption of a decision: satisfactory, optimum and adaptation approach-
es. The first approach takes into account points 1-3 and makes it possible

. to form one decision from a set of decisions. However, we cannot assert
whether it is the best because point 4 is not taken into account. The mak-
ing of a decision on the basis of the second approach makes it possible to
eliminate the shortcoming inherent in the second approach. The difficulty
is in the choice of the optimality criterion and the admissible limita-
tions. The third approach has the assumption that the adopted decision
must be corrected as new information is received, which usually requires
the formulation of a great number of a priori decisions.

The enumerated approaches to the forming of decisions finds use in the control
of a space vehicle in dependence on the developing situation, the complete-
ness of modeling of the control system and the time interval allocated for
preparations for a specific space experiment.

The considerable complexity and intricacy of the space experiments carried
out, the great volume of diverse technical apparatuses in the control sys-—
tem, and also the great volume of pertinent information which is provided by
them and the great many specific peculiarities in functioning of the technical
apparatus create difinite difficulties in realizing the process of control

of space vehicles.

In order to overcome these difficulties and in every way possible to increase
the effectiveness, the structural diagrams of organization of control are

now constructed on a multilevel or hierarchical criterion. In this case there
is a separation of controlling functions among the elements of a system of
different levels or ranks. A higher-level element controls elements of a low-
er level in the hierarchy and itself is controlled by an element of a still
higher level.

A considerable advantage of the hierarchical system is the possibility of a
distribution of the partial (auxiliary or tactical) problems in control by
levels in the system with a corresponding forming of partial decisions relat-

- ing for the most part to a particular or lower-lying level. This makes it
possible to concentrate the solution of problems in strategic planning and
the forming of controlling decisions at a higher level.

It should be noted that in hierarchical systems for the control of space
vehicles there is a definite degree of autonomy of the intermediate and
lower levels at which there is solution of tactical control problems. For
example, ensuring reception of information from the space vehicle, mathe-
matical processing and collection of the results obtained, supply of all
system elements with uniform time signals, etc. In this case the totality
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- of the results of solution of tactical problems characterizes the pur-
pose of the system at a common scale.

In accordance with the definition of a hierarchical control system, all the
levels successively arranged from upper to lower form a vertical, whereas
all the elements at the same level are called the horizontal of the system.

Accordingly, in this case communication systems are called "vertical" and
"horizontal."

The following organizational schemes of hierarchical control structures have
been developed and are used: linear, functional, linear-"staff" and matrix.
In cosmonautics the most commonly used are the linear structures of organ-
ization of control, characterized by the principle of management under di-
rection of a single person and personal responsibility for the space experi-
ment carried out. Figure 14 is an organizational diagram of the linear struc-
ture of control of the hierarchical type, in accordance with which the "So-
yuz-19" was controlled in the joint Soviet-American space experiment "Soyuz—
Apollo." Such a scheme for the organization of control increases the overall
effectiveness of the controlling processes and corresponds to increased re-
quirements on the operability and reliability, in particular applicable to
manned space experiments.
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Fig. l4. Linear structural diagram of organization of control for "Soyuz-19"
spacecraft. 1) flight director; 2-4) alternate flight directors; 5-10) spec-
ialized flight support groups: radio communication, navigational measure-
ments, telemetric support, processing and analysis of results, fbrming of
decisions, issuance of commands; 11-15) station computations: communication
with space vehicle, radar and radiotelemetric systems, command radio link.
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Here it should be noted that the space flight directors must have a wide
range of knowledge and have well-developed psychological and will character-
istics. The cosmonauts have all these to a considerable degree. Therefore,
it is not without reason that specialists having experience either with
space flights or in the development and designing of space vehicles, who
know the peculiarities and dynamics of space flight and the work program,
are drawn upon to direct complex space experiments.

The effectiveness of the space vehicle control system is dependent on the
optimum construction of the control organization, that is, the most advan-
tageous number of levels ensuring realization of the controlling process.

It is evident that a number of levels more or less than the optimum number
of levels in the structural diagram should complicate the control. The solu-
tion of the problem of optimizing the structural diagram of organization,

in which groups of people are present, is a complex matter because the
control process is influenced to a considerable extent by subjective char-
acteristics which are difficult to formalize and take into account.

In systems for the control of space vehicles the optimization of the organ-
izational structural diagram is most frequently carried out on the basis
of the maximum possible reduction of the time on transmission of the re-
sults of processing of measurement information from its recipients at the
Control Center. Here a series of limitations is introduced, for the most
part relating to the minimum necessary volume of results, their accuracy
and reliability. Usually the variety of technical apparatus and the inter~
action of groups of people in the control process are stipulated and the
minimizing of the entire controlling process is dependent on the organiz-
ational-technical characteristics, routineness and smoothness in function-
ing of each level in the structural diagram. An improvement in the quanti-
tative and qualitative indices of each technical apparatus and working
groups of specialists in the control system is influenced by them having
practical experience and the corresponding knowledge.
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PROBLEMS TO BE SOLVED BY SPACE VEHICLES.
DESIGN PECULIARITIES OF VEHICLES

Classification and Use of Space Vehicles

The broad range of problems involved in the exploration and conquest of
space dictates the development of different types of space vehicles.
There are a great number of different types of vehicles which can be
classified on the basis of a number of distinguishing characteristics.

The possibility and necessity of assigning them to ingividual groups
facilitates the formulation of the technical requirements on the vehicles,
their design, outfitting with on-board devices and assemblies and subse-
quent servicing by ground support facilities. The separation of space
vehicles into individual classifiable groups also simplifies their de-
scription and study.

The basis for the classification can be criteria characterizing the pur-
pose, design peculiarities, control methods, mass and size characteristics
of the vehicles, presence or absence of a crew aboard them, etc.

In a broad picture the entire diversity of space vehicles can be divided
into AES without a crew, spaceships with a crew and interplanetary manned
or automatic ships and stations. In addition, there is a more detailed
classification in the following form,

1. With respect to purpose: scientific research vehicles used for study of
physical conditions in the upper layers of the atmosphere, for extrater—
restrial space, for interplanetary space, on different planets of. the
solar system; vehicles for practical purposes, employed for solving prac-
tical problems in the interests of economic activity.

2. With respect to the type of communication with ground support facilit— '
ies: without communication, with unidirectional communication (the 'earth--

_ space vehicle" channel operates), with unidirectional ‘communication from-

the space vehicle (the "space vehicle-earth".chanrel operates) and: with ™
two-directional communication ("earth—space vehlcle—earth")

3. With respect to the preésence of ‘a crew: manned, unmanned and ships with-; e,f"

crews which are replaced from time to time.
u24 :
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4, With respect to mass: light (up to 300 kg), medium (up to 2,000 kg),
heavy (up to 6,000-7,000 kg), superheavy (more than 7,000 kg).

5. With respect to the possibility for return to earth: nonreturnable,
returnable and partially returnable (capsules).

6. With respect to presence of orientation systems: unoriented, oriented,

The purpose of the space vehicles being developed is of extremely great im-
portance., The purpose function, which determines the effectiveness of
use of space vehicles, can exert an influence on problems of economic
or social policy. In other words, the determination of the purpose which
= a vehicle must serve and the practical use of the results obtained in its
’ operationare closely intertwined with those economic expenditures which
are necessary in the course of development, launching and flight of space
vehicles. Accordingly, the active work of many types of vehicles in space
is now preceded by corresponding economic computations making it possible
to determine in advance their practical feasibility.

_ We note that at the present stage the use of space technology, including
the solution of both purely scientific and applied problems, according to
the evaluations of specialists, gives a considerable economic effect. For
example, the methods for investigating the earth from space are consider-
ed the most perfect. According to the calculations of foreign scientists,
merely in the field of meteorology with more precise weather predictions
there can be an annual economy up to 2.6 billion dollars. According to

an estimate of American specialists, an operative system of AES for study
of the earth's natural resources will give an annual economic effect, in
the fields of geology and agriculture alone, up to 1.2 billion dollars.
Satellite communication systems ensuring commercial radiotelegraphic and
radiotelephonic conversations have proven to be extremely advantageous.,
Their profitability is attributable to the long lifetime of communication
satellites, the possibilities of organization of multichannel communica-
tion, improvement and cheapening of receiving and transmitting apparatus.

The sphere of practical use of space vehicles is extremely broad. We will
- examine the most characteristic space systems.

"Meteor" meteorological space system. This is intended for the reception
of meteorological information from space. It includes data on the earth's
radiation balance, characterizing heat exchange between the atmosphere
and the earth's surface and the spectral distribution of solar and terres-
trial radiation, information on the spatial distribution of the cloud
cover, exerting a direct influence on weather-forming processes in the
atmosphere, information on composition of the atmosphere, temperature dis-
tribution, determination of the upper boundary of the cloud cover.

- For the reception and registry of this information in the "Meteor" system
use is made of:
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—- television equipment using small frames, ensuring the registry of cloud
cover, ice and snow covers on the earth's illuminated side. The two cameras
of the apparatus make a frame-by-frame survey of the underlying surface
from the left and right side of a scanning band with a width of about 1000
km, with a small overlap;

— IR radiometric apparatus, measuring thermal radiation (and temperature)
of clouds and the underlying surface on the illuminated and unilluminated
sides of the earth in the range 8-12pim;

— actinometric system, consisting of several radiometers, each of which
registers reflected solar radiation, total radiation of the earth and at-
mosphere, which will make it possible to monitor the radiation balance

of the "earth-atmosphere."

Fig. 15. Satellite of the "Meteor" meteorological system.

The first two types of apparatus-ensure obtaining video information, that
is, images of the clouds and surface, registered on photographic film and
magnetic tape; the third, after processing on a computer, gives specific
maps of radiation temperatures., An overall and separate analysis of the
recorded information makes it possible to characterize and predict the
development of weather conditionms in stipulated regions of the earth. “

In addition to satellites of the "Meteor" type (Figures 15 and 16), the

system includes ground points for the reception and preliminary process-
ing of space meteorologital information, a control service and a center
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for the comprehensive processing of meteorological data. The planning

of operation of the system 1s carried out in accordance with the in-
structions of the USSR Hydrometeorological Center, which take into ac-
count the current and future requirements of the weather service in the
general system of its prediction and hydrometeorological support. On the
basis of these requirements a program is formulated for the operation of
the on-board meteorological apparatus for each day and for all working
revolutions; the regions of investigations, time and operating regimes
of the complex are determined.

Fig. 16. Image of clouds and surface obtained using the "Meteor" system
(well-developed cloud formations over the European USSR, ice in the north-
ern part of the Baltic can be seen and Scandinavia is clearly defined).

It should be noted that some part of the information arrives for meteor-
ological analysis at a real time scale, without its preliminary registry
on on-hoard magnetic recorders. In the course of preliminary processing
and routine analysis of these data, received at a ground station, data

are received which have a periodic nature, These include information on
the movement of cyclones, typhoons and other formations leading to weather
calamities. Such information is immediately relayed to the corresponding
agencies for the taking of precautionary measures.,
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The stations for the reception and preliminary processing of space meteor-

ological information of the "Meteor" system were located in different re-

gions of the USSR. They were equipped with antenna systems, apparatus

for the reception, registry and processing of data. Here also there is =
apparatus for the transmission of videoinformation, high-speed electronic

computers, special telephonic and telegraphic communication facilities.

The problem of control of "Meteor" satellites is solved using a system of

ground command-measurement (general purpose) stations.

In accordance with international agreements, routine information is trans- =
mitted to the countries belonging to the World Weather Service system. Weather

maps are transmitted to Washington, Budapest, Warsaw, Paris and other region-

al centers.

A meteorological space system also exists in the United States where its -
basis is meteorological series of the TIROS satellites and their later

modifications. Investigations of operation of meteorological satellites

have heen made and this has enabled the United States to proceed to the

creation of a satellite meteorological system which supplies information

to world meteorological centers and other services for the preparation of

current weather forecasts in a form convenient for computer processing.

The future possibilities of satellite meteorology are tied in to the inter-
national program for global atmospheric research (GARP), which is directed
to the creation and evaluation of a number of theoretical atmospheric mod-
els. The systems of meteorological satellites developed under this program
will later become part of the global system of observations of the World
Weather Service.

Soviet systems for satellite communication are being developed on the basis
of high elliptical satellites of the '"Molniya" type and "Raduga" geostation-
ary satellites. Their task includes ensuring distant and superdistant radio-
telegraphic and radiotelephonmic communications, the transmission of programs
of Central Television in black-and-white and color images.

The most extensively used variant of construction of a satellite communica-
tion system includes two receiving and transmitting radio centers, separat-
ed from one another by a distance required for maintaining communications,
and a system of active relay satellites (Fig. 17).

The active relaying of radio signals assumes their reception aboard a satel-
lite, amplification, frequency conversion and subsequent transmission. In
this case telephonic communication can be organized in the following way.
Signals from the telephonic apparatus are fed through a regional inter-
urban station through ground communication channels to one of the receiving- i
transmitting stations of the space communication system, where they are
transformed into rad.o signals and are directed through a ground antenna to
a satellite. Here they are received and amplified, pass through frequency
conversion and are relayed to another specialized station of the "Molniya"
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ground complex. By means of a tracking antemna these signals are inter—

cepted and are fed to a receiver. After reverse conversion of radio sig-

nals into electric signals carrying a telephonic communication they are

fed along surface communication lines through a local interurban station

to a second subscriber. Communication is accomplished in the reverse direc-
- tion in the same way, that is, the communication system is duplexed, two-

directional. ’

Fig. 17. Scheme for communication using "Molniya" satellites. 1) zome of
radiovisibility; 2) earth receiving-transmitting radio communication sta-
tions.

The orbital parameters of the "Molniya'" satellites are usually as follows:
perigee altitude -- 400-450 km, apogee -- ahout 40,000 km, inclination of
plane 65° and period of revolution about 12 hours. Both apogee points are
situated in the northern hemisphere (one over the central part of the
USSR, the other on the opposite side of the hemisphere). With such para-
meters the "Molniya" satellite ensures stable communication hetween Moscow
and Vladivostok over a period of 8-9 hours. The three apogee points of the
"Molniya" satellite, displaced 8 hours in time, ensure around-the-clock
communication between these cities.

29

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6

LUK UIPLIULAL UDDL UNLIL

Fig. 18. Schematic view of '"Molniya-1" communications satellite. 1) sealed
compartment; 2) solar cell; 3) pencil-beam antenna; 4) sensor for orienta-
tion of antenna on earth; 5) cooling radiator; 6) supply of working medium
for carrying out corrections; 7) correcting engine; 8) heating panel; 9)
solar orientation sensor.

The "Molniya-1" satellites carry communication relaying apparatus, a com-
mand-programming unit for control of the on-board apparatus, a radiotele-
metric device for checking the condition of the satellites, apparatus for
correcting the orbit and satellite orientation and antenna systems, an el-
ectricity system, including solar cells and chemical current sources, and
also instrumentation for radiation dosimetric monitoring, by means of which
there is measurement of the intensity of irradiation of on-board systems.

- The results of these measurements make it possible to evaluate the degree
of radiation danger for satellites repeatedly passing through the earth's
radiation belts during their motion.

The schematic appearance of the "Molniya-1" satellite is shown in Fig. 18. ,
The operation of these satellites confirmed their high technical character- i -
istics in ensuring communication between Moscow and Vladivostok. !

The "Molniya" satellites play an important role in the system for trans- :
mitting Central Television programs, interacting with the complex of the : i
"Orbita" ground television network.
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Fig. 19. "Orbita" ground stationm.

Still broader possibilities for the organization of communication were af-
forded with the launching of communication séries of the "Raduga" seriec
into a geostationary orbit. These have a circular orbit and an altitude

of about 36,000 km.

Their period of revolution is approximately 24 hours and the orbital inclin-
ation is 0°, Launched into a stipulated spot in space relative to the earth,
such a satellite seemingly hovers over it because the period of revolution
in this case is commensurable with the period of the earth's rotation. The
first "Raduga" satellite was launched in 1976 to a point with the coor-
dinates 0° latitude and 99° east longitude, which should ensure constant.
communication in regions of the earth's surface limited in longitude by
+60° relative to the 99th meridian.
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The "Molniya" and "Raduga" satellites, in addition to solving communica-
tion problems, are participating in the organization of superdistant tele-
vision broadcasting. They are relaying the programs of Central Television

to the "Orbita" ground network of stationms, which are situated in remote re-
gions of the country. The "Orbita" stations ensure secondary relaying of
television programs, within a radius of 80-100 km servicing a network of in-
dividual use television receivers,

Using the "Orbita" network of stations (Fig. 19), functioning in combina-
tion with the "Molniya" communication satellites and those of the "Raduga"
series, there is servicing of more than 20 million inhabitants of the Far
North, Siberia, Far East and Central Asia. The "Orbita" network is being
continuously developed, covering newer and newer regions of the Soviet
Union. The programs of Central Television are also transmitted to Mongolia,
Poland, East Germany and other socialist countries.

Here we have told only about the two most widely used satellite systems. The
fundamental principles for constructing such systems for other areas of
their application have much in common.

Space vehicles are also used extensively in other practical investigationms.
A great volume of such investigations aboard a space vehicle is carried out
in the interests of solving individual technological problems.

Experiments with molten metals are being given special importance. The in-
creased attention in this technological field is attributable to a number
of space conditions which are nonreproducible on earth. These include

- weightlessness, and accordingly the absence of convection, buoyancy and
other phenomena which under terrestrial conditions create differences in
the density of materials after their hardening; a deep vacuum, ensuring
rapid elimination of the gases and vapors from the investigated materials;
an extremely broad temperature range for possible carrying out of the ex-
periments.

Already in 1969 the first experiment was carried out on the "Soyuz-6" space-
ship for the welding and cutting of metals, laying the basis for space tech-
nology. An experiment for the fusion and welding of metals was also carried
out in the United States aboard the "Skylab" orbital station in the summer
of 1973.

The development of space technology assumes obtaining small quantities of
materials with special physical properties which are extremely valuable

for the electronics, radioengineering and instrument-making industries.

The production of such materials even now is feasible and economically jus-
tified. According to the optimistic predictions of western scieﬁhists, the

extensive development of space technology can bring about a real industrial
revolution.

Investigation of ecological processes by means of space technology is of
vitally great importance for mankind. Only such investigations are capable
of giving a qualitative and quantitative evaluation of the influence of
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man on the earth's biosphere.

Ten years ago this problem excited only scientists; now it is exciting
a broad community and competent agencies in many countries.

For the monitoring of the environment it is possible to use satellites for
the reconnaissance of natural resources, communication, meteorology,
navigation and such spaceships as the "Salyut" and the "Soyuz."

In the United States a satellite system of the LANDSAT type has been devel-
oped and is in operation. Its program includes the collection of informa-
tion on natural resources and the environment, on forestry and agxihulture,
geology, geography, hydrology, oceanography and ecology.

A broad complex of investigations of the earth as a planet was carried out -
during the orbital flight of the "Salyut-4" station by the cosmonauts A. A.

Gubarev and G. M. Grechko, P. I. Klimuk and V. M. Sevast'yanov, who carried

out black-and~white, color and spectrozonal photography of the regions of -
the Northern Caucasus, Volga, Central Kazakhstan, Pamirs, Sakhalin Island

and some sectors of the Baykal-Amur Railroad line.

Multizonal space photography of a number of regions of our country was carr-
ied out aboard the "Soyuz-22" by the cosmonauts V. F. Bykovskiy and V. V.
Aksenov. Use was made of the MKF-6 camera, constructed in East Germany. The
method of multizonal photography is substantially broadening the possibil- ]
ities of the ordinary photosurvey process. Using photographs taken in dif-
ferent spectral zones, it is possible to synthesize an image both in natur-
al colors and in conventional colors, which makes it possible to obtain the
maximum possible color contrasts between stipulated types of objects.

The processing and analysis of these photographic materials even today is
giving a considerable effect in the solution of many problems in geology,
meteorology, oceanography, etc.

Space photography of the earth has also been carried out extensively from
the American LANDSAT satellites. And a number of important results have
been obtained. For example, it has been established that there are errors
in plotting a number of rivers in the Amazon basin on maps which attain®
30 km. Earlier unknown dry river channels have been discovered in South
America which may be gold-bearing. The route of the Amazon Highway can be
laid out more rationally, reducing the number of bridges. In west Texas it
was possihle to detect geological structures identified with presence of
petroleum. Two unknown lakes were discovered in Iran, etc.

In order to increase the safety of aircraft flights plans call for the use
of global satellite systems with a high handling capacity which should en-
sure the solution of three fundamental problems: determination of the
position of aircraft, navigation and communication. It is assumed that such
a system is capable of simultaneously servicing up to 100,000 aircraft,
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giving three coordinates with an accuracy to 15-90 m, a frequency of 1 Hz,
and ensure their identification.

In the United States there is discussion of the problem of using photograph-
ic materials of the LANDSAT AES for the needs of city construction, the
compilation of transportation diagrams and the planning of cities. A study
of photographs of the earth's surface delivered by the "Apollo-6" confirm-
ed the possibility of use of space photographs for solving a broad range

of problems related to the reconstruction and development of urban terri-
tories.

The sphere of practical use of satellites is constantly expanding; newer and
newer possibilities are appearing for their practical use for the needs of
- the national economy and science.

Design Peculiarities of Space Vehicles

- The selection and development of the design for a space vehicle must take
into account the continuous and prolonged influence exerted upon it by the
specific conditions prevailing in space: a deep vacuum, weightlessness,
- the possibility of entry into meteor streams and the effect of intensive
radiation. The design of a space vehicle must ensure its independent func-
tioning under conditions of exposure to these factors during the entire
time of the flight. These very same requirements must be imposed on :
vehicles during their landings on the surface of the investigated planets. -
In these cases the vehicle is likened to an independent celestial body for ;
- which there is assurance of very definite conditions for the operation of .
all systems and instruments and for the existence of man.

The design elements of the space vehicle include: a frame, consisting of

several interconnected metal beams of various shapes, one or more sealed

shells (compartments), also playing the role of strengthening elements,

and a complex of on-board instrumentation, placed inside and outside the

vehicle compartments. The joining of all the construction components of .
the space vehicle into a single assembly is solved on the basis of engineer- -
ing computations, being the initial stage in the designing. S 4

i The engineering design of a space vehicle involves the optimum placement
- of the supporting components, compartments, on-board systems, apparatus
and units into a unified design intended for launching into space for the A
purpose of reliable solution, in the course of a definite time, of the :
functional problems determined by the purpose of the vehicle.

. The following requirements must be satisfied in the course of space vehicle ;
designing: :
-— minimum possible mass for a stipulated reliability; :
-- assurance of minimum loads on the’ carrier-rocket; : §
-- optimum configuration with respect to conditions for launching into space; :
—- optimum distribution of the internal space in the space vehicle compart- [ _
ments and optimum placement of instruments and assemblies ensuring |
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the necessary heat regulation, convenient access to them and the possib-
ility of the replacement of units prior to launching;
—- a minimum influence of dynamic loads and nonuniformities in the distrib-
ution of mass in flight on the orientation and stabilization systems;
-~ the minimum possible movement of the center of mass and change in the
. moments of inertia during the expenditure of fuel and compressed gas;
—— minimum influence of vibration and the possibility of its extinction
- during launching and in flight;
, —— possibility of improvement in the design of space vehicles in stipulated
limits;
—— acceptable cost and the absence of materials in short supply;
—- relative simplicity in fabrication and assembly.

The purpose, range of problems to be solved, degree of their complexity, pos-
sibilities of the carrier-rocket, possibility for continuous improvement,
economic and other factors determine the diversity of design and makeup

plans for space vehicles.

In selecting the layout it is extremely important to have a theoretical

and experimental evaluation of the distribution of mass of the space vehicle

and its center of macs. The relationship of system and construction parts

masses, taking into account the supply of fuel or compressed gas and other

expendable materials, must correspond to the limitations imposed on the

total mass of the vehicle and be optimum from the point of view of the

functions to be performed, reliability, cost, etc. Movements of the center

of mass with the expenditure of different components must not exceed the
. computed values, otherwise the orientation and stabilization systems will

operate with an overexpenditure of the working medium.

i

In the practice of designing of space vehicles there are cases when the de-
- velopers of individual on-board subsystems and apparatus do not adhere to
the restrictions placed on them with respect to mass. Every excess kilogram
then becomes an objeét for careful scrutiny by the Chief Designer, who makes
a final decision —- whether to allow the particular unit to be installed or
whether to rework it.

The construction parts of modern space vehicles can be classified as compact,
expansible and inflatable.

Compact construction parts do not require the movement of individual ele-
ments (other than the antennas) and changes in their configuration for rediuc-
ing the vehicle into a working state. Such construction parts are character-
ized by a high reliahility. The principal problems in their development are:
placement of the power\supply sources and other units in restricted volumes
(on limited surfaces) ia the space vehicle body and extremely complex heat-
regulating systems. -

Expansible construction parts have elements which fold or extend out and
they occupy a working position when the vehicle is put into orbit. A dis-
tinguishing characteristic of such construction parts is a great freedom
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in design makeup, simplicity and solution of dimensional restrictions.
Among the shortcomings is a lesser reliability and tolerance to vibra-
tion, an increase in the mass of the supporting parts and accordingly
great moments acting on the orientation and stahilization systems. In

such cases the difficulties in theoretical computations and dynamic anal-
ses are complex problems. Designs of this type include such spacecraft

as the "Molniya," "Meteor," "Salyut," "Soyuz" and others, The expansible
construction parts in them are the panels of solar cells and some antennas.

The inflatable parts have multilayer strengthened envelopes assuming a stip-
ulated shape after inflation and hardness after being put into orbit. Among
the merits of such construction parts are the possibility of the expansion
of envelopes of great size in space. Among the shortcomings is a loss of
internal pressure during prolonged use due to the diffusion of gas thrcugh
the envelope and leakage through possible holes. The poor construction
characteristics of such construction parts and an inadequately reliable ex-
pansion lead to their limited use. The "Echo-1" and "Echo-2" satellites

are constructions of this type used in the United States.

- Construction parts of the first two types have closed housings, which en-
sures the best conditions for the functioning of the apparatus in space.
However, comstruction components with just a frame (without a housing) are
being created in which the instrumentation is placed in partially or com-
pletely open form; it is assumed that the instrument units have a low sen-
sitivity to the effects of space conditions, at the same time that some of
them can have individual shielding and heat regulation.

The skins of the closed bodies of space vehicles are fabricated either from
metal with a low specific weight or from different kinds of high-strength
plastic materials. Their construction can be monocoque, corrugated, layered

) or honeycomb. In some cases strengthening is achieved by the use of string-
ers (ribs). The choice of the type of skin is governed by the needs for
strength and stability with a minimum mass, and also the degree of its
adaptability for attachment of vehicle construction parts.

Vibrations exert more than a little influence on the stability and strength
of the construction. Their principal source is operation of the jet engine
both of the space vehicle itself and the carrier-rocket. Acoustic noise and
oscillations arise in this process. The frequency of vibrations falls in
the limits from several to thousands of Hz., During the first 5-10 sec after
rocket launching the noise level (for example, for the "Titan" carrier-rocket)
can attain 165 db at a frequency of 100 Hz and the accelerations can attain
8%, Compact construction parts, having high resonance frequencies, are less
susceptible to vibrations. Riveted construction parts in this case have a
better resistance to vibrations than welded construction parts because the
time for the damping of oscillations in them is three times less and they
have a lower coefficient of intensification of oscillations.
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Fig. 20. Schematic diagram of "Soyuz-19" spaceship.
[Key on opposite page]

The choice of configuration of the vehicle is of considerable importance
for vehicles stabilized by rotation. In this case a spherical configura-
tion ensures a small value of the ratio of mass to the surface area of the
space vehicle, a constant value of the area of projection of the vehicle
onto the sun, and also creates favorable conditions for operation of the
solar cells, the heat-regulating system and the system for the stabiliza-
tion by rotation. However, spherical shapes have poor compatability with
other construction components. A compromise solution is the choice of
space vehicle configuration in the form of a polyhedron.
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KEY TO FIGURE 20

androgynous peripheral docking assembly
orbital compartment
descent module
instrument-assembly compartment
solar cells » =
USW antenna
antennas of USW station at frequency used in the United States
television antennas
antennas for command radio link and trajectory measurements
- 10. radiotelemetric antennas
11. antennas for communication between crew and earth
12. docking target
13. shipboard orientation lights
14, flashing light beacons
15. solar orientation semnsor
16. ion orientation sensor
- 17. sensor for orientation on IR vertical on earth
- 18. orientation sight
7 19, mooring and orientation engines
20. orientation engines
21. approach-correction engine
22. hatch for crew to enter ship
23, television camera ,
24, windows

oo
. .

Now the most different shapes of space vehicle hulls are being used in space
technology: cylindrical, prismatic, in the form of polyhedroms, etc.

Space vehicles can also be designed in more complex configurations. Complex
- types of space vehicles even have sectional constructions, being made up of
several autonomous compartments. As an example, we will consider the design
of the "Soyuz-19" spaceship, in which the Soviet cosmonauts A. A. Leonov
and V. N, Kubasov in 1975 made a joint spaceflight under the "Apollo-Soyuz"
program. Figure 20 is a schematic diagram of the "Soyuz-19."

The "Soyuz-19" consists of three parts: descent module, orbital and instru-

ment-assembly compartments. The launching mass was 6.8 tons, the length was

7 m and the breadth of the solar cells was 8.4 m. If the ship .is placed ver-

tically, on the docking units with the carrier-rocket, then in. the upper” :

part there will be the orbital compartment, joined to the descent module, )

and the descent module, in turm, is joined by means of the frontal heat-

shielding screen with the instrument-assembly compartment, on which the

panels of solar cells dre mounted,

The descent module is for holding the crew in the segment in which the ship

is put into orbit, for its’ in-flight monitoring and also during the time D i

of controllable descent and landlng. It is a pressurized compartment with B :%;
S
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two lateral viewing and one special windows. An optical orientation sight

is mounted on the latter. The body of the descent module i1s constructed

for the most part from aluminum alloy; the outside is covered by a heat-
insulating layer and the inside is covered by heat insulation in combination
with a decorative facing. In the upper part of the compartment there is a
hatch with a tightly closing cover.

The descent module holds the panel for the cosmonauts, ship's control lever,
instruments and equipment for the main and auxiliary systems, containers
for the returnable scientific instrumentation and reserve supplies for the

- crew. The mass of the module is 2.8 tons.

The configuration of the descent module is complex semioval. The front end
has a segmented flattening, as a result of which the vehicle acquires aero-
dynamic 1ift (aerodynamic quality). It has a system for control of descent
with a low-thrust jet engine.

The landing system is of the parachute-jet type, consisting of a complex
of parachutes and solid-fuel engines. The parachutes ensure braking of
the descent module and its descent with a vertical velocity of about 10
n/sec. The soft-landing solid-fuel engine brakes the vehicle directly be-
fore contact with the earth's surface, softening the impact at the moment
of landing. :

The descent module also carries a system for its salvage in the case of
damage to the carrier-rocket at the launching and in the segment in which
the ship is put into orbit. It consists of a complex of powerful solid-fuel
engines mounted on the ship's head fairing. In the case of damage to the

- rocket at launching these engines are fired and lift the front part of the
nosecone and vehicle to a safe altitude necessary for the parachute to be
activated. In the case of damage in the segment when .the ship is being put
into orbit the solid-fuel engines ensure the overcoming of aerodynamic
forces and remove the descent module to a safe distance from the carrier-
rocket.

Thereafter the parachute system and the soft-lunding engines are activated.

The orbital segment is intended for carrying out scientific experiments,
ensuring movement of the crew from ship to ship and for the rest of cosmo-
_ nauts. The compartment is fabricated from a magnesium alloy and consists
of two hemispherical shells joined by a cylindrical insert. On the top of
the compartment there is a docking unit with an inner hatch with a diameter
of 0.8 m. In the orhital compartment there are two viewing windows; a third
window is situated in the hatch cover of the docking unit.

In the lower part of the compartment there is a hatch leading into the de-
scent module and also a lateral hatch through which the cosmonauts enter

the ship at the launch pad. Here also are the control panel and the equip-
ment for the main and auxiliary subsystems in the compartment. On the
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outside of the compartment there are external-view television cameras,
antennas of the radio communication and television systems. The total
mass of the orhital compartment is 1.3 toms.

The instrument-assembly compartment holds the main apparatus, equipment and
subsystems for support of orbital flight. This compartment consists of the
transfer, instrument and assembly sections, fabricated from aluminum alloy.

Fig. 21. Carrier-rocket of "Soyuz-19" spaceship.

i
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The transition section has 10 mooring and orientation engines, fuel tanks,
and a subsystem for feeding the fuel into the combustion chambers. On the
outside of this section there is a small emitting radiator of the heat-reg-
ulating system, the upper junctions for the attachment of the panels of
solar cells, and antennas of the command radio line. In the sealed instru-
ment section, having the configuration of a low cylinder, there are instru-
ments of the subsystem for orientation and control of motion of the ship, the
subsystems for control of the on-board apparatus and equipment complex, ap-
paratus for radio communication with the earth, programming-timing device,
telemetry units, instruments and units of the subsystem for integrated el-
ectric current supply. On the outer side of the instrument section there is
a sensor for constructing the IR vertical on the earth and a sensor for or-
ientation on the sun.

The assembly section is designed in the form of a cylindrical shell which
undergoes transition into a conical shape; on the outside of the section
there is a large emitting radiator of the heat-regulating system, four moor-
ing and orientation engines, the lower elements for the attachment of the
panels of solar cells, and eight orientation engines. Within the section
there is an approach-correcting engine, consisting of the main and duplicat-
ing jet engines, fuel tanks and subsystem for the feeding of fuei. Here also
there are elements for attachment of the radio communication antennas.and radio-
telemetric system, as well as the ion sensors of the orientation system and
electrochemical batteries of the subsystem for integrated electric supply for
the ship.

The solar cells, in the form of two "wings,'" each of which consists of three
panels which can be opened up, are mounted on the instrument-assembly com-
partment. Attached to the end panels are the antennas for radio communication
in the short-wave and ultrashort-wave ranges and for the telemetric system.
The mass of the instrument-assembly compartment is 2.7 tons, including 0.5
ton of fuel.

In concluding the section we can cite some design specifications for the
space carrier-rocket which ensured putting the "Soyuz-19" into circumterres-
trial orbit (Fig. 21). The wocket has three stages. The first stage consists
of four lateral blocks 19 m in length and with a diameter at the butt end up
to 3 m. Each block is supplied with a four-chamber engine which in a vacuum
develops a thrust of 102 toms., In addition, in each block there are two ad-
ditional steering chambers. The second stage is the central block (unit)
with a length of about 28 m with a maximum diameter of 2.95 m. This block

is supplied with a four-chamber engine (with four additional steering cham-
bers), developing a thrust in a vacuum of 96 tons. The third stage 1s a block
with a length of 8 m and a diameter of 2.6 m; it is also supplied with a
four-chamber engine (with additional steering nozzles) with a thrust in a
vacuum of 30 tons. Altogether, the carrier-rocket stages and the "Soyuz-19"
spaceship have a launching mass of 300 tons.

During launching of the carrier-rocket the engines of the first and second
stages are fired simultaneously; the second stage continues to operate af-
- ter separation of the four lateral units. The third stage is launched at
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the end of operation of the engine on the second stage and puts the "Soyuz-
19" into a stipulated orbit, after which it is separated. The total length
of the carrier-rocket with the spaceship under the nosecone is 49.3 m. The
maximum diameter along the fins is 10.3 m. -

Makeup, Purpose and Operating Principles for Main Subsystems of On-Board
Equipment

During its motion in space a space vehicle is regarded as an independent cel-
estial body of artificial origin having definite conditions for operation
of its instrumentation and equipment and for the life of the crew, These
conditions are ensured by a complex of on-board equipment, which includes
a number of subsystems, apparatuses and instruments, The complexity and
numbers of the on-board equipment are in direct dependence on the number
and complexity of the problems to be solved by the space vehicle and its
payload. For example, whereas the first Soviet AES, which was designated the -
PS-1 (prosteyshiy sputnik -- pervyy = very simple satellite -- first), only
carried one radio beacon with a small number of telemetric sensors, on the

= later spaceships of the "Soyuz" and 'Salyut" types the number of subsystems,
apparatuses and instruments exceeds a thousand. The task of the first AES
included the practical confirmation of realization of man's agelong dream --
emergence into space, and the "Salyut" and "Soyuz," in essence, are multi-
purpose space laboratories and are intended for solution of a complex of
different problems of a scientific and practical nature.

The maintenance of definite conditions on a space vehicle is ensured by means
of subsystems for heat regulation, energy supply, radio communications, radio-
telemetry and control of motion, docking, landing, vital functions and a num-
ber of other apparatuses and instruments. All these subsystems are joined to-
gether by a common electrical control, power supply and monitoring circuit,
which improves their interaction and functioning. On space vehicles of cer-
tain types certain subsystems or instruments may be lacking., For example,
automatic space vehicles do not have life support systems and unoriented space
vehicles have no subsystems for orientation and control of motion. The most
perfect vehicles are the spaceships aboard which there is a crew. They are o=
supplied with a complex of on~board equipment to the maximum possible degree.

A sample, with a certain degree of arbitrariness, classification of on-board
subsystems, apparatuses and instruments is shown in Fig. 22. The functional
criterion is used here as the basis of their delimitation. Other criteria
can also be used.

An examination of the entire complex of on-board equipment is quite complex.
Here we will cite only brief descriptions of space vehicle subsystems which
are most frequently used and which are most important from the point of view-
of ensuring stipulated conditions. These to a certain degree should give some
idea concerning the complexity of the developed space equipment, about the
processes transpiring in the subsystems and the requirements imposed on them.
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Fig. 22. Classification of the principal types of equipment aboard space
vehicles using the functional criterion.

KEY:
1.

17.
18,

Space vehicle equipment

Equipment complexes

Assurance of space vehicle operation
Radioelectronic and radiocommunication facilities
Instruments for special and applied purposes
Subsystems and instruments
Command~programming control

Orientation and stabilization

Heat regulation

Power supply

Navigation

Telemetry and television

Command radio link

Radio communication facilities
Phototelevision devices

Radiometric instruments

Relaying equipment

Radar, lidars

The subsystem for control of the space vehicle includes a programming-timing
device and on-board digital computers. Depending on the complexity of the
on~board equipment space vehicles can be supplied with them ir different
chmbinations.

The pfég}amming—timing unit is frequently called the automation or logical
-unit. In essence it is a small specialized computer intended for solution
-of a narrow range of algorithms for control of some particular space vehicle
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subsystem, Most frequently the control algorithm is a sequence of definite
commands (series of commands), shaped at constant or variable (depending
on the state of the controlled object) time intervals.

The program for the output of commands and the time intervals between them
can be set in advance, for example, during the preparation of the vehicle
for flight, or be issued in flight from the earth by means of the command
radio link.

The universal computer is a more complex and flexible control unit. It en-
sures the solution of algorithms for the processing of data and control of
some number of space vehicle subsystems which are extremely high content.
With its use there is an increase in the reliability and accuracy of the
processing results and it performs a thorough and careful control and analy-
sis of operation of the on-board subsystems during ground tests and in
flight, and also neutralizes the consequences of malfunctioning of individu-
al apparatus elements by means of an equivalent replacement by reserve com-
ponents. The possibility of constructing electronic computers on the basis
of use of micromodules and integrated circuits of a standard type facilit-
ates their operation, reduces size, mass and power consumption in comparison
with analog computers. '

The structural and functional systems of electronic computers have much in
common with digital computers of the stationary type used on the ground. At
its input an on-board digital computer is connected to the data-measuring
subsystems of the space vehicle (telemetric and navigational), and at the
output it is connected to the actuating components of the controlled subsys-
tems,

The operation of the on-board computer can be organized in multiprogramming,
multiprocessing or time-separation regimes. Multiprogrammed work is that

in which there is simultaneous execution of several commands by one or more
working programs. The multiprocessing regime assumes a parallel execution of
several dependent programs or parts ("blocks") of one program, that is, those
parts of the algorithm which can be executed parallely. In the time-separa-
tion regime the on-board computer automatically distributes the computer time
among the controlled subsystems of the vehicle.

When using an on-board computer on a spaceship its principal functions are
as follows: maintenance of the parameters of the life-support system within
normal limits, monitoring of different subsystems on the ship, processing
of the results of scientific experiments and investigations and their
sampling for transmission to the earth.

We note that universal on-board computers find predominant use on manned or-
bital stations with a prolonged spaceflight duration. For example, the on-

board computer on the "Apollo" ship was intended for the processing of data
and subsequent control of the motion subsystem, evaluated the parameters of
microclimate and solved a number of problems in control of other subsystems.

b4
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Imposed on the on-board computer 1is the rigorous requirement of simultan-—
eous solution of several problems at a real time scale in accordance with
the priority principle. The use of an on-board computer considerably in-
creased the effectiveness of control and unburdened the crew members.

The subsystem for the control of space vehicle motion was designed for chang-
ing the parameters of motion of its center of mass and motion about its cen-
ter of mass. The first form of motion occupies a relatively small time and

is associated with the launching and putting of a space vehicle into orbit,
orbital maneuvers and landing; the vehicle is acted upon by considerable
external forces and jet engines operate. The second type of motion is char-
acteristic for a large part of the space flight when the engines were switch-
ed off, the external forces.and moments are insignificant. In this case a
significant characteristic is the nondependence of motion of center of mass
of the vehicle on angular rotations relative to the center of mass. The or-
bital motion of the space vehicle will be the same both in the case of random
rotation about the center of mass and in a case when its spatial position is
invariable. However, this does not mean that the vehicle has no need of con-
trol. A number of problems solved by a space vehicle require its ordered
motion, for which use is made of systems for orientation and stabilization.

The orientation system is the system for the control of motion of a space
vehicle leading to its rotation about the center of mass of the correspond-
ing coordinate system by a stipulated angle relative to an external coordin-
ate system. The process of rotation of the coordinate axes is called space
vehicle orientation.

The necessity of orienting a space vehicle arises before the firing of the
engine so that its thrust vector is directed in the necessary direction;
with the transmission of information from a space vehicle by means of direc—
tional antennas (for example, from '"Molniya" satellites); for obtaining an
energy maximum with solar cells; in operation of the astronavigation system,
when the space vehicle is oriented on reference celestial bodies, etc.

The realization of these tasks assumes the installation on a space vehicle of
orientation systems with different technical specifications. For example, the
accuracy of orientation in astronomical determinations and scientific observ-
ations attains a few seconds of angle, whereas for the orientation of solar
cells an accuracy of 10-20° is entirely adequate. The duration of the ori-
entation process can fall in the range from several minutes to several hours
or more. With respect to.degree of completeness, orientation systems can be
classified as triaxial and uniaxial. Another classification criterion of the
system can also be the properties of the orientation axes themselves, to
which the space vehicle axes are reduced. It is assumed that these axes are
also mutually perpendicular, like the axes of the vehicle itself, have their
origin at its center of mass, but the law of their angular motion is unrelat-
ed to the motion of the space vehicle.

The latter criterion makes it possible to discriminate three types of ori-
entation system. The first is characterized by a translational motion of
the axes, in which they always remain parallel to one another and the space
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vehicle reduced to them retains 5.3 invariable angular position relative to
distant stars (convenient for astroorientation). The second type includes
orbital orientation axes which during flight in circumterrestrial orbit also
rotate; one of the axes passes through the center of the earth, a second
lies in the orbital plane, and the third is perpendicular to this plane. Such
axes are used for the orientation systems of meteorological satellites, 1f
they on one side are directed in the direction of motion, whereas the other
is always directed downward. Then the reduction of the three axes of the AES
- to the three orbital axes will give the required orientation. The orienta-
tion axes of the third type are called "tracking'; they correspond to the
approach of one space vehicle to another. These axes do not experience
ordered translational or rotational motion, but change their direction ar-
bitrarily in accordance with the relative movement of the space vehicle,

With respect to the method for obtaining controlling moments for orientationm,
all the systems can be classified as active, passive and combined. Active
systems require expenditures of energy from on-board sources. In passive
systems orientation is accomplished using the moments arising from the in-
teraction of a space vehicle with the external medium -- magnetic field,
gravitational field. Combined systems operate using both types of developed
moments. Active systems are flexible and most used; employing them it is
possible to force the space vehicle to perform, at the necessary tempo, any
maneuvers and with the necessary accuracy adhere to the required orientation
whatever may be the external perturbations. The principal merit of passive
systems is their economy.

On spaceships the orientation systems can be automatic or manual, In the case
- of manual orientation the cosmonaut causes the required rotation of the ship
by deflection of the control lever,

The makeup of the orientation system includes sensors responsive to space
vehicle position and indicating its change; amplification-~conversion devices
reacting to the changes in parameters picked up by the sensors and converting
them into controlling signals; actuating mechanisms creating controlling
moments.

The position sensors may be inertial (gyroscopic), with sighting of celestial
bodies, with the use of ambient fields (gravitational or magnetic), with
sighting of the earth (optical, IR, radio, etc.).

The amplification-conversion devices are intended for the amplification and
conversion of sensor signals. They are outfitted with electronic, relay and
magnetic or semiconductor amplifiers. The controlling effects in them are
produced in specialized computers. '

The actuating components ensure the creation of controlling moments due to

gravitational, magnetic and other ambient fields (passive) and also the

‘movement of elements within the space vehicle, on-board engines (active).
1
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As an example we will consider the process of full orientation of a space
vehicle during its flight on the trajectory earth-moon. This is done using
- solar and lunar sensors mounted in fixed positions on the space vehicle.
The search for the sun and moon is accomplished by rotation of the entire
vehicle. First the sun is found and held in the field of view of the sensor.
Then the space vehicle begins to rotate around the direction found to the
sun with simultaneous search for the moon by the lunar sensor, whose axis
is deflected by a specific angle in space. At the moment of interception
of the moon the vehicle is braked and its direction is held steady relative
to the moon.

- Thus, the process of orientation consists of the following operations: rota-
tion -~ interception of the sun -- braking -- refinement of orientation on
the sun -- second rotation —- interception of the moon -- braking -- second
refinement of orientation on the moon.

The stabilization system is intended for restoration of the initial position
of the space vehicle impaired as a result of the action of disturbing moments.
Its task includes neutralization of the forces tending to change the trajec-
tory of motion of vehicle center of mass. Stabilization of space vehicle

R position is necessary in the operation of jet engines for the purpose of
maintaining the direction of the vector of their thrust unchanged, in aero-
dynamic descent in the atmosphere and in some scientific investigations.

In contrast to orientation, the stabilization of a space vehicle does not
pursue independent purposes, but is an auxiliary task in the control of motion
of the vehicle center of mass. The stabilization system operates with rela-
tively large disturbing moments and therefore more powerful actuating compon-—
ents are required for their extinction.

We note that the orientation and stabilization systems frequently interact
with one another and use one and the same sensors and a common control cir-
cuit. For example, the process of tapproach of two space ships is in essence
the repeated alternation of the ovientation and stabilization regimes corres-
ponding to repeated firing and shutdown of the engines.

In addition to orientation and stabilization of space vehicle position it
is also necessary to have direct regulation of the velocity of tramslational
motion of its center of mass. '

Such a task arises in the operation of the engines in the course of execution
of the corresponding space vehicle maneuvers. In a number of cases it is suf-
ficient that the system for the control of motion issue a command for shut-
down of the engine when a stipulated apparent velocity is attained. In this
case the control of theé jet engines is usually accomplished using gyroscopic
integrators in which the force of the energy developing during a change in
the apparent velocity of translational motion of the center of mass of the
space vehicle is transformed into the moment imparted to a gyroscope with a
rigorously calibrated velocity of rotation. A measure of the apparent
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velocity is the angle of rotation (precession) of the gyroscope, accumulat-
ing under the influence of this moment.

The subsystem of space vehicle heat regulation is intended for the automatic
maintenance of a stipulated temperature regime in the vehicle compartments.
The necessity for solving this problem is-attributable to nonuniform heating
of the space vehicle during its flight on the sunny side and in the earth's
shadow. It should be noted that in contrast to terrestrial conditions, in

- space there is only radiative heat exchange between individual bodies. The
space vehicle is acted upon by radiation from the sun, earth or another plan-
et. A space vehicle, as a body heated to a definite temperature, also emits
into space heat whose quantity is dependent on the external heat flows ab-
sorbed by the space vehicle and internal heat releases due to operation of
on-board equipment or the vital functions of the crew.

Temperature drops within stipulated limits of the mean value are allowable
under the condition of retention of a balance between absorption and radia-
tion of heat by the vehicle. Otherwise the temperature can change beyond the
tolerable values.

The complex automatically maintaining a stipulated heat regime in the space
vehicle is known as the heat-regulating subsystem. It includes: sensing ele-
ments (sensors) measuring the temperature at definite points in the space
vehicle; electronic units shaping the controlling signals (system for the
control of heat regulation); actuating components directly acting on thermal
processes; radiation surface for radiation of excess heat released in the
vehicle; general facing of the space vehicle surface with a given optical
coefficient; screening-vacuum insulation.

The activity of functioning of the heat-regulating subsystem as a rule is
controlled using the temperature values at the input and output of the heat
exchange elements. The greater their difference, the more intensively does
the system operate.

The thermal processes in the space vehicle compartments transpire under
weightlessness conditions, and accordingly there is no heat convection in
them. This makes very difficult the evening-out of temperatures between
nonidentically heated elements of equipment, gas volumes and construction
of the space vehicle. The problem of eliminating local overheatings and
overcoolings in this case is solved due to the heat conductivity of indi-
vidual construction parts of space vehicles, forced circulation of gas in
the compartments, and also the delivery of heat to liquid heat carriers.
The heat excess in this case is always conveyed to the radiation panel of
the system.

With respect to the principle of operation, heat regulation systems can be

classified as active and passive. Active systems ensure forced transfer |
of the heat excess from its sources to the radiation panel by means of a i
closed fluid circuit whose actuating component is a hydraulic valve ‘

48 |

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6

FOR OFFICIAL USE ONLY

regulating the intensity of circulation of the liquid heat carrier. In
simpler types of active heat-regulating systems there is a forced circul-
ation of the gas, which also plays the role of a circulating heat carrier.
Passive systems are being developed on the basis of methods of passive
heat regulation. These include: special processing of the outer surfaces
of space vehicles, ensuring definite values of their optical coefficients
(albedo); covering individual parts of the vehicle surface, external ele-
ments of its construction and equipment with shielding thermal insulation.

Due to the fact that in computations of the effectiveness of heat-regulat-
ing systems it is possible to take into account rather precisely the mag-
nitude of the external and internal heat flows, modern systems are capable
of maintaining stipulated temperatures in space vehicle compartments with
an acceptable accuracy. Thus, on spaceships their values are regulated in
the range +3°C, and on automatic space vehicles with an accuracy of +5°C
relative to a stipulated value.

The subsystem for unified current supply ensures the supplying of electric
current to the entire equipment complex aboard the space vehicle.

As the current sources aboard a space vehicle it is possible to use storage
batteries, galvanic and fuel cells, solar cells and apparatus, isotopic
generators and nuclear power plants.

In the case of brief space vehicle flights (10-15 days) and a small number
of current users the power sources in many cases are storage batteries,
since they are the cheapest. The galvanic and fuel cells with respect to
energy capacity exceed storage batteries by a factor of 4-5. They produce
energy on the basis of the transpiring of electrochemical processes be-
tveen two working substances (for example, oxygen and hydrogen). However,
the most widely used sources are solar cells and apparatus directly con-
verting the light energy of the suniinto an electric current. The power

of such current sources attains several kilowatts and they have a consider~
able longevity (up to a year or more) and a high reliability. Nuclear power
plants with reactors are in essence small atomic electric power stations
adapted for operation under space conditions. Their power also attains
several kilowatts. Isotopic generators operate on the basis of release of
heat by radioactive isotopes and its subsequent transformation into an
electric current, The power of generators of such a type is tens and hun-
dreds of watts.

Usually the primary current sources are connected to a buffer storage battery
charged to a nominal value during periods when the power consumption of the
on-board equipment is less than the power of the source and which feeds the
general net during periods when the power of the current source does not
suffice.

The automatic components of the system for unified current supply oberate
autonomously and perform switchings associated with a change in its re-
gime of operation and control of the principal parameters: current voltage,
capacitance, etc. ) 49
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Space vehicle apparatus is usually fed by a low-voltage (28 and 12 V) d-c
current. However, sometimes instruments operating on alternating current
are installed -and then in their current supply circuits provision is made
for the installation of semiconductor elements for converting a d-c current
into an alternating current,

The subsystem for life support is intended for creating and maintaining the

conditions necessary for the life and activity of cosmonauts in the com-

partments of the space vehicle. It maintains an artificial gas medium

(atmosphere) with optimum physical parameters (pressure, humidity, velo- .
city of movement) and chemical composition, satisfies the crew's need for i
oxygen, food and water and eliminates the wastes of man's vital functions and

other biological objects.

A standard life support system must include the following links:
a) a link for creating and maintaining the required gas medium in the pres-
surized compartments of a ship during the entire time of a spaceflight.
It must compensate the loss of hydrogen, eliminate excesses of carbon diox-
ide and harmful impurities. On brief flights the loss of oxygen is replen-
ished at the expense of its reserves created prior to the launching (gas

_ cylinders, Dewar vessels, active chemical compounds of oxygen with alkali
or alkali-earth metals). In ordér to eliminate carbon dioxide use is made
of filters or alkalis of some metals. During prolonged space flights it is

: proposed that the oxygen loss be replenished by means of the photosynthesis
transpiring in some types of plant organisms;
b) a link for supplying food during brief flights and those of medium dura- :
tion. During prolonged flights it is possible to use the biomass of plants i
cultivated aboard the ship; :
c) the water supply link. This is created from the supplies of water before
the launching (brief flight); during prolonged flights, in addition to the
reserve, there must be regeneration of water from the wastes of man's vital
functions;
d) the sanitary—household link. Here there is a hygiene unit, a unit for dis-
posal of man's natural wastes and a unit for disposal of remainders from
food preparation.

Each link in the system, including the links for physicochemical regenera-
tion and even an individually taken biological link (man and other organ~

ism) constitutes an open "flow-through" system. The main condition for its
normal functioning is the constant receipt of the necessary initial sub-
stances and elimination of the final products.

The on-hoard complex of radioengineering and radio communications equipment
includes means for the navigational, telemetric, television, command and
communication support of flight. A number of these means can be developed
using an autonomous or "matched" scheme. An autonomous scheme provides

for the use of individual communication channels and means of on~board
equipment for solving each individually taken problem. The designing of a
"matched" scheme is based on use of one communication channel and a general
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radiotechnical apparatus for solving several problems. "Matched" schemes

are more economical from the point of view of use of communication chan-
nels, size and mass, and also with respect to energy indices. Navigational,
telemetric and command units are moust frequently incorporated into a single
apparatus.

Now we will enumerate the makeup and assignments of radiotechnical apparat-
uses aboard a space vehicle which have been developed in accordance with
an autonomous scheme for their use.

1. For the navigational support of space vehicle flight, in addition to
strictly autonomous means (such as the "Globus" system, astroorientation
devices, etc.), use is made of navigational means of an active type. In
this case the vehicle carries a transponder which responds to the interro-
gation signals of a ground radar station. The problem of determining the
navigational parameters of the vehicle is solved by measuring the slant
ranges, azimuths and angles of elevation, and also their derivatives.

2. The on-board telemetric unit is intended for primary measurements of
the monitored processes aboard the space vehicle, collection, conversion
and transmission of the results to a ground radiotelemetric station. For
this purpose aboard the vehicle there is a complex of sensors commutating
the apparatus and the transmitter with the antennas.

3. The television apparatus is used for visual monitoring, for the control
of individual processes aboard the vehicle (for example, approach and
mooring of two space vehicles can be monitored using the image on the
screen of the TV receiver). In addition, the television apparatus is used
for the transmission of visual information to the earth (for example,
during the space reports of cosmonauts). The TV equipment includes:
apparatus for the perception of images (vidicons), devices for the read-
out and transmission of information to ground receiving stations.

4. The makeup of the on-board command equipment includes a receiver with
a decoder of commands which ensures the reception and identification of
commands transmitted by the ground control system.

The radio communication equipment carried aboard a spaceship is used for
communication between the cosmonauts and the earth. It includes receiving
and transmitting stations in short-wave and ultrashort-wavelength ranges.
They ensure radio exchange of different information between the space
vehicle and the earth.

The instruments and apparatus for these special purposes ensure a direct
solution of the missions assigned to space vehicles. The vehicle is a

rapidly moving space platform which carries a complex of different equip-
ment for the solution of scientific and practical problems.
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The operation of this equipment is based on use of the method of remote
gsenslng of the underlying surface of the plunets (including the earth)
from space. This method helps in remote characterization of the nature
- of formation and conditions of deposition of terrestrial resources, natural
) parameters, phenomena and the environment by means of carrying out observa-
tions and measurements from different types of vehicles. The information
basis of the method is the remote reception and registry of the character-
istic (natural) and reflected electromagnetic and corpuscular specific
radiations, making it possible to investigate objects, phenomena and for-
mations of natural and artificial (for the earth) origin.

The remote sensing of the underlying surface of the planets is a possible
result of the fact that each object, phenomenon and formation at a temper-

, ature above absolute zero absorbs and radiates electromagnetic energy at
definite wavelengths. In the selection, comparison and analysis of the re-
sulting spectral characteristics it is possible to determine the differ-
ences between the observed objects and phenomena, making it possible to
extract information on their properties.

For practical purposes the electromagnetic spectrum is broken down into

- several ranges in the following way:

-— less than 0.4%Lm -— UV radiation;

~— 0.4 - 0.75pm -— visible (optical) part of the spectrum;

-~ 0.75pm - {me -~ IR part of the spectrum (within this range it is pos—
sible to distinguish three narrower regions: 0.75 -'3;Lm ~-- near-IR range or
the region of reflected IR rays, 3-30pm ~- middle-IR range or thermal-IR
region, 30pm - 1 mm — far IR range);

-— 1 mm - 1 m —— microwave part of spectrum.

There are two remote sensing methods: active and passive.

The active method is based on use of instruments and apparatus generating
and emitting energy, as a result of whose interaction with objects and
phenomena of interest to us gives rise to a reflected signal received by
on-board detectors.

The information characteristics of the reflected signal (intensity, 'polar-

ization, etc.) make it possible to identify the observed objects or pheno-

mena. These include: panoramic radar stations, side-view stations, stations
with a synthesized aperture, radioaltimeters, scatterometers, lidars (laser
rangefinders).

On the basis of passive methods it is possible to develop instruments which
in themselves do not have the capacity for radiating electromagnetic radia-
tion. Thése are different types of detectors which sense the natural and
reflected radiation emanating from the surface of the planet or its atmo-
sphere. These should include visual observations (the detector is the human
eye), photo- and television apparatus, radiometers, spectrometers.
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In this case there is a possibility for establishing an unambiguous cor=-
respondence between the spatial distribution of spectral, energy (bright-
ness) and polarization characteristics of radiation of terrestrial objects
- and their appearance, state, chemical composition, physical and biological
properties. -

The technical and operational characteristics of the remote sensing appar—

atus enumerated here must correspond to the requirements imposed on on=-

board space apparatus of a different purpose. There are specific require- -
ments on resolution, periodicity of observations of definite regions,

scale of observations, scanning zones, angles of the field of view, ori-

entation, accuracy in spatial-temporal tie-in and scanning.

Now we will consider some peculiarities of the most widely used instruments
and apparatus,

Cameras are used for surveying the planetary surfaces. Their working range
0.3—l.l}km is limited in the direction of the IR part of the spectrum

by the sensitivity of the photographic film, and in the direction of the
UV by the transparency of the objectives. There are single~ and multirange
cameras which pick up the visible image on black-and-white or color film.
Multirange cameras make it possible to obtain multispectral photographs
characterized by a high resolution in discretely selected parts of the op-
tical range. The resolutions of modern films are estimated at from 100 lines
per mm (color films in the visible range and films in the IR range) to
1,000 lines per 1 mm (black-and-white films for the visible range with an
object contrast 1,000-1).

- The accuracy of photoregistry of visible images is so great that virtually
all modern maps of the terrain are compiled using a photographic survey
(for the most part from aircraft, and recently using a space vehicle).

Television cameras are extremely high-speed scanning microphotometers and
are well adapted for the purpose of remote sensing of radiations from
aircraft and flight vehicles in space (meteorological satellites, natural
resources satellites). The detectors of the registered radiations in this
case are sensing surfaces (photocathodes), the images on which are projected
by means of optical objects. In the best models of modern detectors (super—
orthicons, vidicons with ray return) the best resolution attainable is
estimated at 10,000 lines for a detector area of 50 x 50 mm.

Radiometers can be of three types: IR, superhigh-frequency and polarimeters.
In these the collectors used are different types of directional antennas
and the detectors are: in IR radiometers —— semiconductor elements sensi-
tive to IR radiations in the near zone; in superhigh-frequency radiometers
-~ receiving circuits for the corresponding ranges, amplifying the received
radiation; in polarimeters —- elements sensitive to visible and UV radia-
tions, which with the corresponding processing makes it possible to measure
the angle of rotation of the radiation polarization plane, whose value is
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- dependent on the typé of observed formation,

- Spectrometers, in contrast to radiometers, have a collector with selective
frequency properties, which makes it possible to discriminate narrow spec-
tral sectors of absorption (emission), characteristic, for example, for
water vapor, definite chemical elements, complex formatioms, etc.

- The following types of spectrometers are known: IR, UV, superhigh-frequency
and correlation.

- Radar instruments are capable of carrying out measurements of distortions

- of natural radiation when it is reflected or absorbed by a remote object.
A frequency change is a measure of the relative radial velocity of an
object and the distance to it is determined from the time between transmission
of a pulse and return of the reflected echo and the polarization characteris-
tics indicate the physicochemical properties of the observed object. The
schemes for construction of space vehicle radar instruments differ 11tr1e
from the schemes for ground radar stations.
Lidars are also active instruments. They sense the energy reflected by the
object in the visible or near-IR range. Different types of lasers are the
source of the radiated signal.
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PROCESSING AND ANALYSIS OF ROUTINE (OPERATIONAL) INFORMATION.
ADOPTION OF DECISIONS

Basic Concepts and Principles

The control processes in "earth - space vehicle" systems are accompanied by
different flows of information whose basic purpose is ensuring the effective
realization of controlling functions assigned these systems. In a general
case the term "information" can be interpreted as some totality of the com-
munications determining the measure of our knowledge about various events,
phenomena, facts and about their interrelationship.

Any communication with which we deal in the theory of information is the
totality of information about some system. It is obvious that if the state
of the system is known in advance it would make no sense to transmit the
communication. A communication acquires sense only when the state of the
system is unknown in advance, random. '

Information on a space vehicle can be considered as its reflection in some
material system, which can exist independently of whetlL _.r this information
is used by anyone or at any time. However, whereas information or some repre-
sentation can exist independently of man, one can speak of the value of the
information, about its cost to the user, only strictly in relation to man,
who needs this- information, in relation to the process in which it is used.

The operation of man-machine systems for control of a space vehicle is not
very effective if there is no objective approach to the perception of infor-
mation concerning the space vehicle. In this connection one of the principle
requirements on controlling processes in the "earth-space vehicle" system

is a minimizing of the influence of the subjective approach to the percep-
tion of information communications about the vehicle. A correct, that is,

an objective understanding of communications is assisted by the presence

of feedbacks in the control system which are used for monitoring the con-
trolling processes.

In the processes of perception, transmission, storage and use of information
the latter can be subjected to a number of operations of the following form.

B

1. Storage of the received information on some material carrier.
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2. Transformation of information into a more convenient form for subsequent
use.

- 3. Transmission of information from its source to a detector with subsequent
registry on a long-term carrier.
4. Sorting, synthesis and processing of information using a number of estab-
lished criteria facilitating its perception in a man-machine complex.
5. Analysis of information or its logical processing, ensuring proper un-
derstanding of the controlled processes transpiring aboard the space
vehicle.
6. Use of the results of processing and analysis of information for adopting
a decision on vehicle control.
7. Evaluation of information with respect to reliability, correctness and
timeliness.
8. Elimination of information after it has become too old or unnecessary.

A space vehicle as a material body with very definite technical specifica-
tions during its functioning is subjected to the influence of the surround-
ing medium and at the same time for attaining definite goals strives to -
exert a corresponding effect on it. A change in the characteristics of the
surrounding medium results in a change in the form of space vehicle opera-
tion. This situation is graphically confirmed during a flight to Venus or
any other planet when the_space'vehicle is successively subjected to the

- influence of an external medium with changing characteristics. First these -
are the physical parameters of the earth, then circumterrestrial space,
then the vehicle enters the interplanetary medium, and finally is subject-
ed to the medium on the planet of destination. For normal functioning on
the space vehicle provision must be made for special measures taking into
account the nonidentity of the influence of different external media.

It is evident that the effectiveness of space vehicle control in such cases

will be dependent, on the one hand, on the availability of information on :

the surrounding medium and its changes (information on external conditions)

and on the other hand, on the information characterizing the performance

- of the space vehicle as a technical assembly (information on external condi-
tions). Thus, the space vehicle itself is the primary source of both types
of information.

Both types of information are transmitted to earth using different radio-

technical, radiocommunication and television subsystems. However, the basic :
flow of information from the space vehicle to the earth passes through the - oz
channels of navigational and radiotelemetric subsystems. ‘ !

The navigational subsystems, which may be, for example, radar stations with
or without interrogation, phase systems or systems for measuring the Doppler
frequency shift, by direct (or indirect) measurements determine the spatial. ' j
position of the space vehicle relative to ground command-measurement points b
(CMP) at each stipulated moment in time. By means of subsequent computations <ol
and operations with the navigational information it is possible to solve .
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- individual problems in evaluating the changes in the dynamic characteris-
tics of the space vehicle, determine some parameters reflecting the func-
tioning of its engine (for example, it is most common to compute the value
and direction of the space vehicle velocity vector before and after opera-
tion of its engines). Similarly, an evaluation is made of operation of the
elements and apparatus for orientation and stabilization.

The telemetric subsystems send to the space vehicle control circuit inform-
ation on the external and internal conditions, which are evaluated by a
very definite (finite) set of physical parameters. They include pressure,
temperature, illumination, angular positions:of individual apparatuses and
the space vehicle itself, number of activations of the instruments, etc. It
must be noted that the complexity of the design of space vehicles, the great
number of monitored instruments and apparatuses and the great number of ex-
periments carried out are evaluated using an extremely significant volume
of telemetric information. As we already mentioned earlier, on ships of

the "Soyuz" type the number of measured physical parameters attains thous-—
ands, which under the condition of a rather high frequency of interroga-
tion of each parameter requires wide-band channels for data transmission.
This is confirmed by simple computations, Assume, for example, that the
subsystem for telemetric measurements has a frequency of interrogation Fg

= 50 Hz, and each measurement is characterized by 10 binary digits. Then
the data flow is 5-109 binary digits per second. Under the condition that
the session for reception of data from the AES can continue 300-600 sec

the total quantity of information_registered on the earth in one communica-
tion session attains (1.5-—3.0)'107 binary digits.

The totality of the information transmitted from a space vehicle to the earth
by means of navigational, telemetric and other subsystems during a definite
time interval determines its information content, which is an important
technical parameter of the control system. This parameter is used in plann-
ing the "earth - space vehicle" communication channels, and also plays the
role of an input parameter in developing ground subsystems for the collec-
tion and processing of information.

In order to accomplish the task of control of a space vehicle there is no
need for rapid processing of the entire flow of data transmitted to the
earth since in the control algorithms and in the routinely analyzed infor-
mation not all the parameters monitored aboard the space vehicle are used.
This fact exerts a substantial influence on the planning of subsystems for
the processing and collection of routine information. By the term "routine
information" is meant the information which is used directly in the process
of control of a space vehicle, and accordingly it can also be called "con-
- trolling." ‘

Routine information is the input information of control algorithms and on its
basis a decision on the output of control commands is made., Besides this

information, nonroutine data are also transmitted from aboard the space
vehicle, these data not exerting a direct influence on the control processes.
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This can include, for example, information on some scientific experiments
not requiring periodic processing.

The prublem of selecting routine information can be regarded as a semantic
problem and its solution is obtained most frequently on the basis of mathe-
matical-statistical methods. It is usually assumed that most space vehicles
can be effectively controlled on the basis of routine information (opera-
tional information), constituting about 157 of the entire quantity of in-
formation transmitted from the space vehicle to the earth. However, in in-
dividual cases, when particularly complex vehicles are put into space,

and also poorly studied experiments are carried out, the quantity of rou-
tine information can increase to 30-50% of the total volume of information.

A solution of the problem of automated processing of information in the

"earth — space vehicle" control system is assigned to computer systems

which include a definite number of matched homogeneous or inhomogeneous

computers and other apparatuses ensuring the reception, processing and -
output of the final results to the users. Depending on the purpose, the

computation systems of the "circuit" can be universal and specialized. Uni-

versal computers are intended for the processing of navigational and tele-

metric information; specialized computers are used for the processing only

of a definite type of information.

In those cases when computer systems include computers of the universal

. type the possibilities of processing of both types of information can be
determined by the presence in the system of special devices for hookup with
the radiotechnical facilities of the CMP, the facilities for transmitting
data to the space vehicle control center, and apparatus for display of the
processing results.

In the course of control of a space vehicle the computation systems for the .
processing of navigational and telemetric data operate in an operational

regime which is characterized by the fact that such systems operate at a

real or quasireal time scale and have a high degree of automation of the

processes of reception of information, its processing and the dissemination

of the results to users. The capacity of their operational memory is suf-

ficiently great and the external storage units play a relatively small role.

The structure of the computation system for the processing of data provides
for the presence of computers at the command-measurement points and at the
Space Vehicle Control Center. The control of the vehicles is ensured by
data and command-operational communication channels. The computer system

- for the processing of data, being a subsystem of the control circuit, in all,
its distinguishing criteria can be classified as a complex system, that is,
has a hierarchical organization, purposefulness of functioning, great number

" of elements, presence of information connections among the elements. There

is also an interaction among the elements. From the point of view of central-
ization of control the data-processing computer system can operate in cen-
tralized, decentralized and mixed control systems.
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i In the case of total centralization, as the controlling unit of the system
there is a computer "dispatcher" (or operator) at the Space Vehicle Control
Center, coordinating the load on the computers and thelr interaction in the
process of solution of the problem. In a decentralized system with 'homogen-
eous" computers any computer can play the role of "dispatcher."

Both types of centralization of control for a computer system for the pro-
cessing of information can function in the space vehicle control circuit.

Processing of Navigational Data

The processing of navigational data makes it possible to compute the trajec-
tory of motion of a space vehicle in orbit. If the forces perturbing the
vehicle are equal to zero or are precisely known, it is sufficient to de-
termine the six initial conditions, that is, x0, pg, 20, Xp» ¥g» Zg in a
geocentric coordinate system for some moment in time. However, it is im-
possible to obtain these values directly using radiotechnical systems, and
therefore other parameters are actually measured, these being called the
navigational parameters of motion. The navigational parameters are determined
in a coordinate system related, in the case of autonomous control, directly
to the space vehicle, and in the case of a nonautonomous control, to the
CMP, that is, in a topocentric coordinate system, which is called the.coor-
dinate-measuring system. The center of such a system is matched with a
point on the earth's surface where a command-measurement point is situated.
The x-axis lies in the plane of the local horizon and is directed to the
north; the y-axis coincides with the local vertical and the z-axis is
selected in such a way that the coordinate system is right—handed. A topo-
centric system corresponds to a spherical system in which the position of
the space vehicle is stipulated by the radial range R, the azimuth &« and

the elevation angle B.

When carrying out navigational measurements from a CMP it is customary to
determine the topocentric coordinates of the space vehicle: R, R, 0(, ot »
34 . Instead of azimuth and elevation angle, in many cases measurements are
made of the direction cosines of the vehicle line of sight, and also their
_ time derivatives.

The navigational parameters are related to the initial conditions by defin-
ite mathematical dependences. Accordingly, for computing the unperturbed
trajectory of a space vehicle it is sufficient to have the results of meas-
urements of the six independent navigational parameters at one and the same
time,; If a single measurement is made from one CMP, such parameters will be
R, R, ¢y ot » ¢3 , V§ . When several points are used it is possible to
measure not all six parameters, but only some of them. For example, the six
initial conditions necessary for computing the trajectory are obtained using
the results of range measurements only, but from six CMP distributed in a
definite way.

’
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When the results of measurement from one point are used for determining the
trajectory the measurement system is called "one-point"; otherwise it will
be called "multipoint." With respect to the number of different measured
navigation parameters the systems can be single- and multiparameter.

- When using a one-point system, not measuring all six parameters, a determin-
ation of the trajectory is possible only with multiple measurements. For ex-
ample, for obtaining the six initial conditions of unperturbed motion of the
vehicle it is necessary to have six independent measurements. Due to the
relative motion of the space vehicle and the earth the results of nonsimul-
taneous measurements from one point are related to different points in space,
which in definite cases ensures a nondependence of the measurements.

Using navigational measurements of radio systems, point estimates of naviga-
tional parameters are made. These are fed out in the form of discrete read-
ings at the end of the time interval of each individual measurement. Each
determined value of the navigational measurement of the parameters contains
systematic and fluctuation errors. An effort is made to decrease them, using
the corresponding types of processing of the received signals. Primary, in-
termediate and secondary processing are distinguished.

Primary processing involves an evaluation of the parameters of a radio signal
carrying information on navigational parameters. It is accomplished direct-
- ly in the measurement systems.

Secondary processing involves a determination of the space vehicle trajectory
on the basis of measurements carried out using radio systems, prediction of
their motion and allowance for correcting maneuvers. It is accomplished at
command-computation centers.

Intermediate processing involves a preparation of the results of evaluation
of the navigational parameters of the radiosignal, reducing it to a form
convenient for secondary processing. It can include, for example, the scal-
ing of the measured Doppler frequency into radial velocity. Intermediate
processing is carried out at command-measurement and command-computation
centers or in both places simultaneously.

The operation of the computation facilities for the processing of naviga-
tional information in this case can be represented in the following way.
The measurement facilities of the CMP carry out a period of trajectory
measurements in which, by one method or another, it is possible to deter-
,mine the navigational parameters of the space vehicle. The collected data
are fed to the computation facilities of the CMP; they are transformed into
a form convenient for processing on an electronic computer and are trans-—
mitted through communication channels to the computation center at the
Space Vehicle Control Center. Data are accumulated as the space vehicle
moves through the zone of visibility of the CMP. After the number of meas-
urements is adequate for determining the space vehicle orbit, all the data
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are registered in the operational memory device of the computer and the
direct process of computations hegins. On the basis of the computed para-
meters of motion of the space vehicle it is possible to calculate the neces-
sary instructions for operation of the ground radiotechnical stations. In
order to make a number of the results of computations more graphic, and

also for projection of the space vehicle trajectory of motion onto the sur-
face of the earth, these are represented on special visual aidsi (displays,
illuminated diagrams, maps, etc.). :

Collection and Processing of Telemetric Data

The complex of facilities for the collection and processing of telemetric

- information also forms a separate and clearly defined subsystem which has
functional relationships with other subsystems: the input section is con-
nected to the output of the data-telementric system and the output section
is connected to the facilities for data analysis. With respect to a number

- of criteria characterizing complex systems, the subsystem for the collection
and processing of telemetric information, like the system for the process-
ing of navigational information, can be classified as a complex system.

The computation facilities of the subsystem can solve problems in the pri-
mary, secondary and operational processing or collection of telemetric
information. This classification was predetermined by different require-
ments on the form, volume, time, accuracy and reliability of dissemina-~
tion of the results of the processing to users in different stages of the
development, testing and operation of a space vehicle.

The primary processing includes operations associated with the scaling of the
telemetric information. The essence of these operations is the analytical
coriversion of data measured by the radiotelemetric facilities from a rela-
tive scale, usually expressed in percent, to the scale of physical para-

- meters, that is, into units of temperature, pressure, etc. Such processing
facilitates the processing of the perception of information in the stage
of its analysis. In addition to scaling, primary processing ensures monitor-
ing of the reliability of data and the grouping of the results on the basis
of different criteria for the purpose of more convenient use. The results
of primary processing can serve as the initial data for routine analysis
of the state of the space vehicle and the carrying out of secondary process-~
ing.

Secondary processing is more profound. It has elements of logical analysis,
as a result of which it is sometimes called logical processing. The basis
for secondary processing is computation processes carried out using more
complex algorithms reflecting some process investigated aboard a space
vehicle. As the algorithms it is possible to use systems of differential,
difference and algebraic equations in which the results of the primary pro-
cessing are in the form of variable coefficients. The results obtained in
this stage are of value for a more rigorous and thorough analysis of thé

61

- FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6

FUK UFFICLIAL USE UNLY

state and behavior of the space vehicle.

Operational processing includes individual subproblems in primary and second-
ary processing and differs from the considered stages for the most part in
the volume and times of representation of the final results, which are the
initial data for routine analysis and forming of decisions on space vehicle

- control.

All our further exposition will relate for the most part to the stage of
operational processing of information used in the space vehicle control cir-
cuit. \

The territorial spacing-out of the Control Center and the command-measurement
points dictates that the control system include facilities for the collec~
tion of telemetric information. Using these, both processed and unprocessed
data from telemetric measurements can be transmitted to the Space Vehicle
Control Center. The collection facilities include elements for the conversion,
collation, and trarsmission of data, as well as increasing their reliability.
Depending on the communication channels used between the measurement points
and the Control Center it is possible to distinguish ordinary and wide-band
systems for the collection of telemetric informatiom.

The subsystem for the processing and collection of controlling, or, as it

is more commonly called, operational telemetric information, is determined as

the totality of the interconnected and coordinated homogeneous and inhomo- p
geneous electronic computers, matching apparatus, communication facilities '
and other elements ensuring automated processing, collection and dissemina- ’
tion of the results to users.

The subsystem for the processing and collection of operational telemetric in-

formation is a multiphase, multichannel and multicircuit system for the pur-

pose of mass servicing, subject to the influence of a number of random fac-

tors. It is assumed that the subsystem input receives an input flow of

session communications (requirements)!having the properties of ordinari-

ness, absence of aftereffects and nonstationarity. These assumptions are

not a rough abstraction. They make it possible to carry out investigations ;
of the subsystem, obtaining results which are acceptable with respect to ac- -
curacy.

At the system output we obtain a communication determined as the minimum ;
necessary quantity of processed telemetric information with a stipulated
accuracy, reliability and time characteristics, making it possible to carry o
out space vehicle control and to monitor its state in the course of the cur-
rent or subsequent communication sessions. ’

It follows from the definition that there are quite high operational-tech-
nical requirements for the subsystem which are limited by rigid time inter-
vals allocated for vehicle control during the communication session.
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- The elements of the subsystem include:
—-— input operational elements ensuring matching of the input flow of inform-
ation with the computation capabilities of the electronic computer used and
- reduction of the information to a form convenient for its processing;
-- a one- or multiprocessor, territorially spaced system ensuring the pro-
cessing, documentation, storage and collection of the results of processing;
—— control panels and panels for the processors, and also the subsystem as
a whole;
~-- radio, telephone or telegraph communication channels, ensuring the ex-
change of information among elements of the subsystem;
—-— output operational elements intended for the display of the results of
processing on individual or group viewing apparatuses, and also preparation
and transmission of the processed (or unprocessed) information through commun-
ication channels;
—— mathematical support, including a complex of algorithms, working programs,
instructions, methods, calibration curves and other documentation making it
possible to carry out automated processing and collection of information,

Figure 32 is a block diagram of the subsystem. It clearly shows the presence
of direct connections and feedbacks among all the principal elements of the
subsystem, which is necessary for constant monitoring of their functioning
and control.

A distinguishing characteristic of the subsystem for routine processing,
which includes processors, is its operation on a real (quasireal) time scale,
that is, the rate of processing of data is commensurable with the rate of

its receipt, as a result of which there is no accumulation of data in the
buffer memory units in the subsystem, This is a very important quality of
such systems, ensured, on the one hand, by a high productivity of the

- processors used, and on the other hand, by the matching of the quantity of
data arriving for processing with the computer capabilities of the subsystem.

The processing of operational telemetric information is the process of carry-
ing out some sequence of computation and logical operations making it pos-
sible to obtain results reflecting the picture of control of a space vehicle
or its individual subsystems in the form required for analysis. On the basis
of the collected data it is possible to establish the quantitative and qual-
itative characteristics of processes aboard a space vehicle. The basis for
the mathematical processing of routine information is the complex of employed
algorithms and working programs determining the structure of the computation
scheme and the form of the final results. N

The results of processing of operational data are fed out in the form of func-

tional dependences on one or more variables, that is, in general form we ob~

tain a function in the form y = £(x1, x3,...,%k), where y is the value of
the measured parameter of the function and X1, X2,...,X; is the totality of
the -arguments.-
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Fig. 32. Block diagram of system for the processing of operational tele-
metric information. 1) apparatus for connection to radiotechnical station;
2, 6) connection with communication channels; 3, 9) electronic computer;
4, 8) alphabetical-digital printout unit; 7) device for commection with
other processing elements; 5, 10) apparatus for display of results.

In order to make the results more graphic and in order to accelerate the
analysis these results can be supplemented by meaningful communications
which improve the process of perception of information. In this case the
results of’ ‘processing of routine telemetric information are formed as al-
phabetical-digital line communications; each separately taken output re-
sult corresponds to one line. This method for the output of results is
realized in alphabetical-digital printout units and at the same time is
displayed on wide-format screens of graphic radiotechnical and optical
apparatus.

The principal requirements imposed on' the subsystem for the processing and
collection of data follow from the general requirements which must be sat-
isfied by the automated system for control of a space vehicle. We will
formulate them in the following form.

1. The subsystem must ensure the processing and collection of the optimum
amount of operational telemetric information both with respect to the num-
ber of parameters and with respect to the number of measurements (records)
of each individually taken parameter.

2. The time of representation of the processed information must meet the re-
quirements of space vehicle control in the current or subsequent communica-
tion session with it,

3. The results of processing of routine information with ‘respact to accuracy

ane.
characteristics must ensure an error-free analysis and svosequent correct
adoption of a decision on space vehicle control.

4, Unreliability of information, that is, the appearance of incorrect ‘Te- _ : :
sults or false 1nformation,must insofar as possible be excluded. Lo ‘ Lo
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Now we will examine these requirements from the point of view of their
technical feasibility.

The analysis and evaluation of the optimum amount of operational telemetric
information necessary for the effective control of a space vehicle involve
a problem of the compromise type. On the one hand, for a thorough and ob-
jective analysis of the state and behavior of a space vehicle it is neces-
sary to have a sufficiently great amount of routine information. On the
other hand, these requirements are limited by the computation capabilities
of the subsystem.

The problem of choosing the optimum amount of information in this case can
be solved successfully by the mathematical statistics method. Its applic-
ation is possible because the process of collection and processing of data
fully corresponds to the fundamental statistical tests method, called the
sampling method.

In such cases the stochastic characteristics of the random values arriving

at the input of the subsystems are not investigated on the basis of theor-
etical considerations, but by means of the statistical processing of some
finite set of experimental data accompanying the process of subsystem function-
ing. The final goal of such investigations is obtaining numerical parameters
and functions reflecting the stochastic properties of the investigated pro-
cess.

The process of sampling of operational information is usually carried out in
two stages: in the first stage there is selection of the totality of para-
meters most important for amalysis of the parameters, which later can be
used as functional values in the systems of equations to be solved; in the
second stage there is a sampling of the most important (informative) ele-
mentary measurements for each selected parameter of the operational tele-
metric information.

The essence of the sampling method is as follows: on the basis of theoretical
investigations of the analytical dependences characterizing each telemetric
subsystem of the space vehicle and experimental data obtained in the course
of their tests and checkings, from the genéral set of telemetric parameters
(program for space vehicle telemetric measurements) it is possible to select
some number of k-parameters. Then, knowing a priori the law of change of

each parameter as a function of time, it is possible to determine the mini-
mum necessary sample of the number of elementary measurements in- the time
interval of the communication contact with the space vehicle.

For problems in the monitoring and control in an automated system for the
control of a space vehicle the sampling of the parameters of operational
telemetric information is accomplished in most cases using the following
scheme. First, there is an artificial choice of the parameters, at the will
of the researcher, and then a biased sampling on the basis of predetermined
criteria (maximum information content of the parameter, inadequacy of data,
poor study of the investigated process or phenomenon, importance of the
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parameter, etc.). The number of parameters can vary in dependence on the
volume and quality of the space vehicle statistical tests, and also the
extent of study of the investigated processes and phenomena.

Now we will examine the second stage in sampling, assuming the choice of
the most important part of the elementary measurements for each selected
parameter of operational information. The criteria for the choice will be
the dynamics of change of the parameter during the period of time of re-
ception of the telemetric data, the presence of extrema and their fre-
quency, the presence and total number of triggerings of sensors of a spec-
ial type, etc. For the further analysis we introduce the concept of a
special general set of measurements of operational telemetric information
which will include the total quantity of information present in the commun-
ication for a specific communication contact.

The sequence of processed measurements for slowly changing parameters is
considered as some sample in which there is an evaluation of the distribu-
tion of probabilities of a change in the parameter under given conditions.
Sometimes the sampling problem is solved by computing the position of the
center of grouping of points, their scattering characteristics, asymmetry,
excess, etc, These characteristics can be obtained empirically (by sampling)
using the results.of processing of telemetric data.

The presence of extrema in rapidly changing parameters and the moments of
triggering of signal sensors conforms to a random law and is usually not
predicted. Information from these measurements is usually of considerable
importance and fully enters into the sample of the telemetric communication.

The utilization factor for the information, taking into account the samples
for the parameters and the number of their measurements in the course of

a communication session with the space vehicle,plays a significant role

in the subsystem for the processing of operational technical information
because in the last analysis it is the principal factor in the information
load on the subsystem and on the communication channel. The value of this
factor also exerts an influence on operation of the facilities for analysis
of the operational information results, having definite handling capacities.

The subsystem for the collection and processing of operational telemetric
information with the adopted structure and mathematical support has very
definite time characteristics in which an operational communication with

a standard number of alphabetical-digital symbols is processed and trans-—
mitted to the space vehicle control center within an approximately fixed
time interval. This interval consists of several time expenditure compon~ -
ents: accumulation of the necessary volume of telemetric information in a
magnetic recorder, its readout and input into the processing system, the
computation process proper and the dissemination of the final results
through the communication channel or directly to the users.

. 66
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In those cases when the facilities for the reception of telemetric data
and its processing are situated at the Space Vehicle Control Center,

no time is expended on the transmission of the results through the com—
munication lines and the process of reception of telemetric information is
commensurable timewise with the computation process and the first results
of the communication, fed out in a sequential code, appear at the output
apparatus of the system, usually after one or two minutes, which is deter-
mined for the most part by the speed of the electronic computer and its
input and output elements. If the duration of the communication session
with the space vehicle exceeds this time, under the condition of use of
macroanalysis of information the operational control of a space vehicle in
the current communication contact becomes possible.

If for space vehicle control it is necessary to use communications with
operational telemetric information, processed by a number of peripheral

CMP, the time expended on the entire cycle of processing and transmission
becomes commensurable with the duration of the communication session (for
space vehicles with low orbits). In such a situation the analysis and adopt-
ion of a decision are accomplished in the inter-session interval and the
output of control commands is accomplished in the next communication con-
tact.

In the case of a high dynamics of the space experiments carried out (or-
bital correction, docking, landing, etc.) the rapid processing and analy-
sis of the operational volume of telemetric information are accomplished
directly from the open recording tapes, that is, at the rate of reception
of the telemetric information. The mentioned regime is characterized by
ninimum time delays.

The requirements on the accuracy of data processing must be matched with
the accuracy characteristics of the radiotelemetric channel. Otherwise
there will be an unjustifiable increase or decrease in the accuracy of the
results. In most cases the problems involved in space vehicle control do
not require high processing accuracies. A systematic error of 1-3% rela-
tive to the scale of telemeasurements is considered entirely admissible
for ensuring the carrying out of an analysis of the state of the space
vehicle with an acceptable probability. The only exception may be indi-
vidual quite "precise" space experiments in which the required processing
accuracy must be equal to the accuracy of their telemetric measurement.

The reliability of operational telemetric information is characterized
by the presence in these data of errors of a random nature which lead to
incorrect results, and as a result, to an incorrect analysis of the space
vehicle state. Errors of a random nature can arise in the processes of
transmission, processing and storage of information. Their cause is the
effect from additive or multiplicative noise.

The sources of additive noise may be thunderstorm discharges, radioemissions
of cosmic bodies and formations, noise of industrial origin, thermal fluc-
tuations, fluctuations of the electric current, and also specially created
noise.
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The sources of multiplicative noise include processes with measurement of
the parameters of the medium in which signals are propagated (such as fad-
ings in the short-wave communication channels), technical malfunctions

of instrumentation, poor regulation or imperfection of the apparatus em-
ployed.

- It is impossible to preclude the influence of additive and multiplicative
noise, but all possible measures are always used for detecting unreliable
information. For example, use is made of methods for increasing the excess
of information and detecting unreliable information.

There are a number of methods for increasing reliability which can be class-
ified into three groups: systemic, or organizational, instrumental and

- programmed. In the system for the collection and processing of routine

: information all these methods find use, but most frequently in different
combinations.

In the input of the subsystem section, during the period of each communica-
tion contact with the space vehicle, there is receipt of the full volume

of transmitted telemetric information and in this connection the subsystem
is a continuation of the channel for the information telemetric system, but
with a predominance of computation functions. This makes it possible to
classify the subsystem for the collection and processing of operational
.information as a data—-computation system of the statistical type, which
operates with the input telemetric flows of different form, length, con-
tent and intensity.

The characteristics of these data flows are in direct dependence on the real
space conditions, determining the intensity of the communication contacts
with the space vehicle. The subsystem for the collection and processing of
operational information, functioning in the closed control circuit of the
space vehicle in each a priori known communication session, is a mass ser-:
vicing system. Its operation is characterized by the receipt of telemetric
information at random moments in time. The randomness factor is present

in the temporal scatters of the beginning and end of each communication
contact,

The totality of communications during a definite time interval forms a flow
~ a sequence of communications with a random alternation of the moments

of their appearance in time, If all the communications in this flow have

an identical priority with respect to sequence of processing, only the
moments of receipt of the communication are taken into account. In this
case the flows of communications are called homogeneous.

When the communications in the flow are not of equal importance for servic-
ing the subsystem, that is, there are definite evaluations of each commun-
ication with respect to priority, the flow will be called nonuniform. Com-
munications with a higher priority must be serviced by the subsystem

first, and communications with a lower priority, second.
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The subsystem for the collection and processing of operational telemetric

data can be classified as an information system and therefore from the -
entire totality of effectiveness indices we will be interested in indices

characterizing its handling capacities. Their numerical estimates estab-

lish the dynamics of servicing of the input flow of telemetric informa-

tion and also determine what part of this flow services the subsystem

when emergency and conflicting situations prevail.

The subsystem is evaulated most completely using a fundamental index -- the
- total handling capacity, which is determined by the ratio of the mean number

of communications processed by the subsystem in the interval to the mean

number of communications arriving in this same interval. -

What is the data collection process like? Usually the servicing of each
individually taken space vehicle is accomplished by a system of several

- territorially spaced CMP whose facilities accomplish the reception and
processing of session information. The results obtained by each CMP are
transmitted to the space vehicle control center with a stipulated routine-
ness and reliability. The solution of this problem is ensured by a special
data collection system which is an integral part of the control system.

Automated data~collection methods are used in the control circuit. Their
use provides for the collection of processed and also unprocessed naviga-
tional and telemetric information.

In order to deliver both types of data to the Control Center it is possible
to use the following types of communication channels, differing in trans-
mission rate:

—-— low-speed channels (using telegraphic lines) —- transmission rate sev-
eral tens of binary digits per second;
-~ medium-rate channels (using telephonic lines) -- transmission rate sev-

eral thousand binary digits per second;

—- high~-speed, or wide-band, channels (combinations of telephonic channels,
radio relay and television channels) —- rate of transmission hundreds of
thousands of binary digits per second.

The automated data-collection system includes the following elements: at
the CMP -- apparatus for the reading of information from punched tapes,
punched cards, magnetic tapes or from the computer output. At the Space
Vehicle Control Center the reception of information is with a puncher of
paper tapes, a magnetic recorder or directly on an electronic computer.
The system also includes elements for.checking. information for.reliability,
;. control panels, and components for control of the collection process.

For duplicating the operation of the computers at the CMP arnd for a num
ber of other problems (for example, a detailed analysis of the primary

. data) there is a possibility of transmission of the entire volume of un-—
processed data from it to the Space Vehicle Control Center. The collection
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system includes wide-band communication channels (radio relay, television
- and satellite) ensuring the transmission of data at the rate of its re-
- ception at the CMPs.

It should be noted that the problem of collecting data from remote (many
thousands of kilometers) points is a complex engineering-technical problem
and requires considerable material expenditures.

For solution of the problems involved in the processing and collection of
data, in addition to technical facilities, it is necessary to have the
corresponding mathematical support. This includes algorithms, work pro-
grams, instructions, methods and initial data on the basis of which it

is possible to carry out the processes of computation and transmission

of data through the communication channels.

The development of mathematical support is an extremely time—consuming pro-
3 cess requiring great expenditures of mental energy of different special-
ists: mathematicians, programmers and operating techmnicians.

The process of developing mathematical support is divided into a number
of the following stages.

1. Formulation of problem. In this stage there is formulation of the pur-
pose of solution of the problem, its content is laid out and the number
and nature of the values used in the computations is also indicated. The
formulation of the problem must be formalized in such a way that there is
only one interpretation.

2. Mathematical description of the problem. Deriving and writing formula
schemes and other mathematical dependences expressing solution of the
formulated problem, this being called the mathematical description of
the problem. It should contain a full list of the initial data, initial
conditions, computation variants, and establish the accuracy of all the
computations carried out in solution of the problem.

3. Selection of a numerical method. Numerical methods make it possible to
reduce the solution of any problem to the successive carrying out of four
arithmetical operations and the comparison procedure, that is, using them
any computation process is broken down into elementary operations. The
selected method is written as a precise description of the sequence of
performance of elementary operations with all the initial data for obtain-
ing the sought-for result and this is called the algorithm for solution

of the problem. The algorithm is written in the generally employed language
of mathematical symbols, word descriptions and clarifications, that is,

in such a form in which all the peculiarities of the computation process
are presented in detail, :
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4, Programming (writing of the algorithm in algorithmic language). In this
stage the algorithm is represented in the form of a sequence of operators
and other language elements. Use is now made of computer orientation al-
gorithmic languages. The decision algorithm is broken down in détail into
elementary parts and the programmer manually writes each part in the form
of an equivalent construction of algorithmic language.

The conversion of the algorithm into computer language is accomplished us-
ing a computer, For this purpose the computer is instructed to write the
algorithm in algorithmic language, after which, by means of a special trans-
lator, this algorithm is transformed into a series of computer commands.

5. Programm debugging. This stage is necessary for detecting and eliminat-
ing the errors arising in developing the programs. One of the variants of
the program is computed manually and is called a control or debugging pro-
gram. Then this same variant is checked on a computer. With coincidence

of the results it is assumed that the program was compiled correctly.

After debugging the programs are transmitted to servicing persomnel for
solving the prcblems of data processing and collection.

The solution of the problems of processing and collecting navigational and
telemetric information includes a great number of clearly defined opera-
tions, each of which requires a definite number of work programs. Their
totality forms a full program which can include up to 40,000-50,000 com-
puter codes (commands). Programs of such a volume can be assigned to the
class of large programs.

As a rule, the writing of such programs requires several thousand man-days
(assuming present-day norms), as a result of which work is done in advance
on their development and debugging.

kkhkkk
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Data Analysis

An investigation of complex systems, which includes most space vehicles, is
based on solution of the problems of analysis and synthesis of data.

The analysis probler involves a study of the state, behavior and properties
of a space vehicle under the condition that one knows the characteristics
of the surrounding medium, structure (model) and numerical values of the
parameters characterizing the subsystems and the space vehicle as a whole.
The results of solution of the analysis problem are usually the numerical
values of the special indices of effectiveness of individual space vehicle -
subsystems, on the basis of which it is possible to determine the general-
ized (vector) index of vehicle effectiveness. Taking into account the pres-
ence of complex correlation and functional relationships among individual
space vehicle subsystems and the characteristics of the surrounding medium,
- we note that the process of determining the generalized indices of the ef-
fectiveness of space vehicles is extremely complex and involves consider-
able difficulties. Their overcoming is based on a reasonable reduction in
the number of the special indices of effectiveness and on the introduction
| of a number of disciplining limitations. This path makes easier the for-
malization process and at the same time worsens the accuracy of solution
of analysis problems. ‘

The synthesis problem involves selection of the optimum structures of a
space vehicle or its internal parameters with stipulated characteristics

of the surrounding medium and taking into account the limitations imposed
on the space vehicle., Sometimes the synthesis problem is formulated as the
problem of seeking the structure of the vehicle or its internal parameters,
giving a stipulated value of the generalized effectiveness index. It follows
from what has been said that the necessity for solving synthesis problems
arises for the most pari in the stage of planning of a space vehicle. Ac~-
cordingly, we will not deal with the methodology for solving problems of
this type.

An analysis of the functioning of a space vehicle (or its individual sub-
systems) begins with the formulation of the specific problem, in which
there must be a clarification of the main purpose of the analysis and a
concise setting forth of the principal conditions and limitations taken’
into account in solution of the problem.

The next stage is a meaningful description and precise formulation of the
problem. Here it is necessary to define clearly the content of the problem,
establish the limits of its solution, clarify the principal factors exert-
ing an influence on the processes or space vehicle systems to be analyzed.
In essence, this initial stage in the analysis is the most important be-
cause the proper solution of any problem is dependent primarily on how’
truly it is understood what in actuality it represents and what its com-
plexity is.
72 . ! .
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As a result of this stage in working through the problem the analyzing spec~
ialist must clearly understand the purpose and objective of the system to

be analyzed, clarify the information on the medium and system parameters

and establish the totality of the assumptions within whose framework the
problem is solved.

The problem can be considered formulated precisely if the information used
for the solution is complete (adequate for obtaining a result) and noncon-
tradictory. In this same stage there is a choice of the index of effective-
ness of the system to be analyzed.

The next stage in the work is formalization of the pioblem —- formulation
of a model of the system and forming of an analytical representation of the
selected effectiveness index.

The model of the system, obtained in the formalization stage, has the fol-
lowing properties:

-- nondependence of the results of solution of the problem on the specific
physical interpretation of the sense of elements of this model, that is,
on the physical nature of the object described by the formulated model;

-- high content, that is, the capacity of the model to reflect important
aspects and properties of the real process to be analyzed;

—-- deductivity, that is, the possibility for constructive use of the

model for obtaining a result with use of the means and methods of the
scientific field in whose terms the problem was formalized (the model was
constructed).

In developing the model it is necessary to clarify the factors exerting an
influence on the course of the process to be analyzed or on the results ob-
tained, select those of them which are subject to a formalized representa-
tion (that is, can be expressed quantitatively), insofar as possible com—
bining the detected factors on the basis of common criteria, shortening
their list, and establish the quantitative relationships among them.

The formulation of a model of a space vehicle is a highly important and
complex stage in working through the problem of its analysis. The fact is
that the high-content and deductivity requirements are essentially contra-
dictory. Thus, in satisfying the high content requirement, in the model the
greatest number of parameters of the process being analyzed are taken into
account as jrecisely as possible. But in this case the model becomes more
complex, which in turn makes difficult its investigation and the obtaining
of high-content results. On the other hand, the desire to obtain an ana-
lytical result in the simplest way leads to a necessity for simplification
of the model, which lessens its content. The art of the researcher makes
it possible in the development of a. formal model of the analyzed process
to achieve a reasonable compromise ensuring the possibility of obtaining
nontrivial results in a not excessively simplified model.

The development stage is followed by an investigation of solubility of the

analytical problem, this consisting of several substages: investigations

of fundamental solubility, choice of the solution method and investigations
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of the technical feasability and desirability of solving the problem by
the selected method.

In an investigation of the fundamental solubility of the problem the spec-
ialist determines whether among the means and methods of the scientific
field in whose terms the model is formulated there are those whose use
makes it possible to obtain a result. If in such a way it is essentially
impossible to obtain a solution, it is necessary to return to the stage of
formalization of the problem, because in this case the model does not sat-
isfy the deductivity requirement.

The choice of the solution method occupies a highly important place in the
general scheme for working through the problem and is dependent primarily
on whether the model of the analyzed space vehicle system is determined

or stochastic.

The model is called "determined" if the information on the state and behavior
of the system in some time interval makes possible a complete description

of behavior of the system outside this interval, However, if this cannot be
done, for example, because some or all of the system parameters are random,
the model is stochastic. The nature of the used model (that is, whether

it is determined or stochastic) is determined, on the one hand, by the con-~
tent of the problem to be solved, the nature of the surrounding medium

and the parameters of the system to be analyzed, and on the other hand, by
the required accuracy in solving the analytical problem.

Since the analyzed space vehicle systems are subject to the influence of a
great many physical parameters of a random type and it is impossible to de-
scribe their future behavior completely with the necessary accuracy, the
models of analysis of systems of vehicles belong to the stochastic type.

The mathematical approach‘for describing such systems may be systems of dif-
ferential, difference equations or a system of polynomials in which the var-
iable coefficients are the numerical values of the measured parameters char-
acterizing the current behavior of the analyzed systems of space vehicles,

- After choice of the method for solving the problem it is necessary to in~-

'~ vestigate it from the point of view of technical feasibility. This problem
is worked through on the basis of data on the programming-equipment out-
fitting of the computation process. If the number of operations required
for carrying out the computation procedure is high and it is impossible to
carry it out with available computers in the acceptable times, it is neces-
sary to return to one of the earlier stages in working through of the prob-
lem. Next a study is made of the problem of feasibility of solving the prob-
lem. Here the fundamental criterion is assumed to be the time factor. It is
assumed that solution of the problem is infeasible if the result of the
solution is outdated by the time it is obtained and use of the result for
making a decision makes no sense.
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The final stages in solution of the analytical problem are the preparation
of an algorithm and its programmed realization on an electronic computer.
The "output” results make it possible to evaluate the quality of working
through of the problem of analyzing the system in all its stages. If, us-
ing the results, it is possible to evaluate the special and generalized
indices of effectiveness of the space vehicle, it is assumed that the work-
ing through of the problem is completed; otherwise it is necessary to re-
turn to one of its earlier stages.

The final stage involves the use of the results of analysis of the state
and behavior of the space vehicle for formulating and adopting the corres-—
ponding decisions concerning control of the vehicle ensuring the optimum
implementation of the missions assigned to it.

In order to solve the problems involved in this analysis, a number of meth-
ods have been developed and used and are employed in dependence on the re-
quirements imposed on the space vehicle control process.

Microanalysis method. The essence of this method is an analysis of individ-
ual elements, instruments and apparatuses from whose totality the space
vehicle consists, and also special measurements using them. Their choice is
ambiguous and is determined by the analytical problems and the yﬁrpose in

. the general space vehicle scheme. When using microanalysis a study is made
of the structure of each of the defined elements, their function, combina-
tion and range of possible changes in the parameters, after which a general-
ized analysis is made of the process of functioning of the space vehicle
in general.

Thus, the problems of microanalysis are the following: define the space
vehicle elements which are subject to analysis, study the structure of the
defined elements, reveal their functions and ascertain the relationships

- among the elements (functional and correlation).

It is important to note that the possibilities of microanalysis with respect
to an exhaustive investigation of a complex space vehicle system are limited
due to the following circumstance. The practical realization of the most im-
portant stage in microanalysis -- defining of the space vehicle elements to
be investigated —— involves a necessity for overcoming contradictions between
the desire for the most detailed possible analysis of each of the vehicle
elements and the real possibilities of the information-measurement and
information-computation subsystems of the control system.

In actuality, if the "dimensions" of the elements are selected large, the
problem of determining the relationships among them and their.interac-

tion in the interests of analysis as a whole will be solved easily, but at
the same time it will be difficult to study each of the elements. On the
other hand, it is possible to select each of the space vehicle elements

so small that it will be relatively simple to study its individual struc-
ture. At the same time, the totality of the relationships among the ele~
ments and the description of their interaction are considerably complicated.
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The practical realization of the microanalysis method requires consider-
: able capabilities of computers with respect to speed and the volume of
the operational memory. The restrictions on existing computers with respect
to these parameters make difficult solutions of problems of microanalysis
in the time segments necessary for operational control of a space vehicle.
This factor impedes the broad application of the microanalysis method,
which is used for the most part in solution of the nonoperational problems
- in investigation of individual space vehicle subsystems. -

The microanalysis method, making possible a detailed analysis of the course
of the investigated process and all possible factors exerting an influence
on it, is very convenient and necessary in different scientific experi-
ments and also in clarification of the facts of anomalous operation of in-
dividual instruments and apparatuses aboard space vehicles.

Such investigations usually are unrelated to the process of direct control
of a space vehicle and can take a considerable time. The results and con-

clusions obtained in this case are used in subsequent launchings of space

vehicles or are generalized in the form of different scientific investiga-
tions.

Macroanalysis method. The essence of macroanalysis is determined by the
specific peculiarities of complex control systems. We have already noted
that a space vehicle is an object of a discrete nature, consisting of a
large number of individual instruments, apparatuses and assemblies. It
therefore follows that it can be considered not only as an object having
a microstructure, but also as a macroscopic object, In the microanalysis
process the analyzing specialist has the possibility, acting differently
on the space vehicle inputs, to analyze its reaction to the corresponding
input effects. The more diverse are the effects imparted to the space
vehicle inputs, the more detailed can be the clarification of its state
and behavior. At the same time, the effectiveness of the set of input ef-
fects is fundamentally related to the diversity of the output parameters.
If the vehicle reacts in an unpredicted way to each new combination of
input effects, the testing and analysis must be continued. It is 'possible
to cope successfully with the diversity of the output parameters of the
space vehicle only when there is a diversity of input parameters.

Thus, the macroanalysis method makes it possible to clarify the state and

- behavior of the space vehicle on the basis of the input and output inform-
_ ation., However, there is a definite limit to such information. In other
words, if on the basis of available data it is possible to construct a
system precisely duplicatii;y the behavior of the analyzed system in the
entire set of used input effects, the macroanalysis problem can be consid-
ered solved. In practical problems it" is impossible to test all conceivable
relationships between inputs and outputs. In the macroanalysis process
researchers consciously limit themselves to an analysis of the behavior

of the system only in a set of effects of interest to them, that is, in the
situations in which the system reaction is of practical value for the sub-
sequent adoption of a decision on its control.
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The use of the macroanalysis method assumes allowance for a series of the
following circumstances: the amount of analyzed information is limited by
the handling capacities of the measurement and computation subsystems of
the space vehicle control system and also the subjective possibilities of
the person requiring this information; the time interval allocated for so-
lution of macroanalysis problems must not inhibit the general process of
space vehicle control; when carrying out the macroanalysis it must be
remembered that the determined values are measured and transmitted through
the radio channel in the presence of noise, by virtue of which they are
random values.

The realization of the macroanalysis method under practical conditions is
based on the performance of some volume of operations preceding the launch-—
ing of a space vehicle., These include:

—— precise determination of the number of individual elements, instruments
and assemblies included in the macroanalysis;

—-— clarification of the minimum necessary number of input and output para-
meters in each analyzed space vehicle apparatus;

—— evaluation of the effectiveness of the analyzed apparatuses in the stage
of their full-scale tests in the laboratory, workshop or in a polygon under
operational conditions close to real;

—-— preliminary preparation of the necessary volume of documentation with
respect to all the enumerated operations, making it possible, with the
necessary completeness, accuracy and routineness to analyze the designated
space vehicle apparatuses in the course of the orbital flight under the
most characteristic normal and anomalous conditions.

In addition to the data extracted from the considered operations, the macro-

- analysis method assumes extensive use of the results of processing of nav-
igational and telemetric information, which is received from a spacecraft
and which is registered by ground information-measurement facilities.

These results reflect the past and present and afford a possibility for
predicting the future state of the space vehicle and its individual sub-
systems.

For convenience in perception and for accelerating the macroanalysis process
the processed results, by means of instrumental-programmed methods, are
integrated and are displayed using different visual observation equipment

by the group method. Each group of results characterizes a subsystem in-
dividually taken for analysis. Such an approach makes it possible to take
into account the influence of the functional and correlation relationships
between the results and makes it possible for the specialist to concentrate
his attention on the specifically analyzed subsystems of the“space vehicle.

Operational macroanalysis method. In some cases, when the adoption of decis-
ions on space vehicle control is accomplished in extremely small time inter-
vals, during which the computers cannot feed out final processed results

for analysis, use is made of the operational macroanalysis method.
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Fig. 33. Diagram of modeling of flight in trainers af the control centers
for the "Soyuz-19" and "Apollo" spaceships.

KEY:
1. Flight Control Center (Houston)
2. Flight Control Center (Moscow)
3. Communication channels (telemetry, telegraphic, TV) similar to
those in flight
4, Physical model of "Apollo" ship cabin
5. Physical model of "Soyuz" ship
6. Computer —- mathematical model of on-board apparatus and dynamic
processes : i
7. Ground communication channel simulating communicatiorn between ships
8. Computer modeling dynamics of processes and state of individual ship
systems ' i
9. Panel for simulating nonstandard situations i
10. Telephonic communication channel for coordination of operations :
for introducing nonstandard situations during training sessions j
11, Training service (Houston:Flight Control Center) ‘ !
12, Training service (Moscow Flight Control Center)
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Fig. 34. Moscow Space Vehicle Flight Control Center. Interior of hall with
information displays and communication facilities.

o .’Y . . . . . . . )
The information basis for such an investigation is materials from the open
registry of navigational and telemetric parameters recorded in special re-
corders at ground reception facilities.

Opegational macroanalysis is carried out by skilled specialists using un-
ssed information at a relative measurement scale. In this case the

rat® of analysis is extremely high and corresponds to the rate of registry
Q{ information. It should be noted that such a method makes it possible to
solve the problem of analysis of the state of the space vehicle for the,
most part from the qualitative side. An analysis is usually made of a
small number of monitored instruments and apparatuses and for adoption of
a decision on control of the space vehicle information of the following
type, for example, is fed out: "on - off," '"norm -- not norm," "signal
present -- signal absent" etc. These communications, with a knowledge of
the general situation aboard the space vehicle and in ‘the surrounding
medium, are extremely valuable in the realization of the controlling pro-
grams which are planned for implementation. Examples of the implementation

of operational macroanalysis are monitoring, control of on-board apparatus

which is responsible for a soft landing on a planetary surface, approach
and docking operations, etc. ‘

Physical modeling. The essence of thHe method is the reproduction of the
analyzed processes in a physical model. As such a model it is common to
use an operational model of a space vehicle of the same type as the *
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investigated model. In this case the physical processes transpiring in
the original and the model are similar.

The physical processes in complex space vehicles are described by a combina-
tion of differential, difference and integral equations containing a great
number of variables, a direct relationship among which is difficult to es-
tablish (or sometimes it is impossible) by analytical procedures in accept-
able time intervals. The physical modeling method makes it possible to
overcome these difficulties by means of selecting as the model a space
vehicle of the same type in which the dependence between different para-
meters can be discovered by direct measurements.

Physical modeling is an extremely graphic method for determining the influ-
ence of different parameters on study of the processes transpiring aboard
the space vehicle. Moreover, using it one can rather rapidly determine the
reasons for anomalous situations and damage to the on-board instrumentation
and find the optimum solution on the basis of the maximum possible elimina-
tion of their consequences.

When a real analogue of the investigated space vehicle is used as a model,
we have an identity of elements, structure and macrofunctions.

Mathematical modeling is based on the use of some combinations of mathemat-
ical relationships (formulas, equations, inequalities, logical conditionms,
operators, etc.) for analysis of the space vehicle which determine the struc-
ture of the space vehicle and describe its behavior. The mathematical model
of a real vehicle is the same as an abstract or formalized representation,
making it possible to study a space vehicle by mathematical methods.

The complexity and diversity of the physical processes transpiring aboard
the space vehicle do not make it possible to develop absolutely adequate

mathematical models for them. Such models reflect only the most important
patterns of the analyzed processes or on~board systems.

As a rule, the mathematical model contains a description of a great many
possible states of the space vehicle or its individual systems and a descrip~
tion of the law in accordance with which the space vehicle passes from one
state into another,

Each state is characterized by the numerical values of several parameters
and therefore is a vector state. i

The law in accordance with which a space vehicle passes from one state to
another is usually characterized by discrete state spaces and the process
of its evolution is stochastic.

The success of the solution of analytical problems on the basis of mathe-
matical modeling is for the most part dependent on the complexity of the
analytical description of the behavior of a space vehicle, Accordingly,

\
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the following principal methods for the use of mathematical models for an-
alysis of space vehicles are possible: analytical analysis, analysis on
the basis of numerical methods, modeling on anaiog computers and modeling
on digital computers.

An electronic computer is the most universal means for the use of mathemat-
ical models. In this case the mathematical model is transformed into a model-
ing algorithm, in accordance with which information is produced in the com—
puter describing elementary phenomena of the analyzed process, taking into
account their relationships and mutual influences. A necessary part of the
circulating information (results of the analysis) are printed out and used
for the analysis. In most cases the modeling on an electronic computer of

the processes transpiring in any space vehicle system is accomplished tak-
ing random factors and their simulations into account. This method is fre-
quently called the statistical modeling method.

A peculiarity and some inconvenience in the method is that by virtue of al-
lowance for random factors in the modeling the results obtained in single
modeling of the analyzed process must be regarded only as a realization of
a random process. Each of such realizations individually cannot serve as

an objective characteristic of the analyzed system. Therefore, the sought-
for values are usually determined using data from some number of records
when their values acquire statistical stability (on the basis of the law
of large numbers) and can be adopted as approximate values entirely suit-
able for analysis.

The methods of physical and mathematical.modeling of a space vehicle and
its individual systems find use for analysis in launchings of complex
vehicles. We will examine their use in the launching of the spaceships
"Soyuz-19" and "Apollo" in accordance with a program carried out in 1975.

The modeling complex recreating processes on the '"Soyuz-19" ship included

a physical modei (ship simulator) and a mathematical model incorporated

in the computers at the Control Center. An analysis of the processes trans-
piring on the ship was accomplished in full volume both in the training
stage at the Flight Control Center and in the course of the flight.

The work of the modeling complex can be represented in the following way
(Fig. 33). The crew is in the mock-up cabin, representing an analogue of the
ship (physical model) with a full coincidence of the interior and the con—
trol panel. The simulator is connected to a digital computer (mathematical
model) simulating individual ship systems and the processes transpiring in
them, whose parameters are difficult to obtain with a physical model (ther-
mal processes, charging pressure, spatial movement).

The crew, working in the simulator, issues commands from the panel and re-
ceives information on the state of the ship. Radio commands are sent to the
simulator from the Control Center.,
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The simulator and the mathematical model send information on the state
of the ship to the Control Center.

Thus, at the Control Center and in the simulator there is a possibility for
"playing through" the entire flight of the ship on earth.

In the simulator and mathematical model it is possible to introduce dif-
ferent failures of the system through a special panel, which enallus the
crew and flight control personnel to show their knowledge and the means

for successfully dealing with nonstandard situations and thereby make prep-
arations for possible unexpected events during real flight.

During the "flight" of ships on earth the actions of the crew and Control -
Center were also checked out under complex conditions (fire, depressuriza-

tion), requiring immediate transfers of the crews into their ships, undock-

ing and landing.

During the training sessions all the communication channels operated. The
complete volume of telemetric information was fed from models of the "So~
yuz" and "Apollo" ships, located in Soviet and American laboratories. The
computation complexes at the centers processéﬁ-thi§ information and trans-
mitted this information to displays for analysis and adoption of decisionms.
The control services adopted control decisions in the same order as in sub-
sequent real flight.

The control of spaceships and the facilities of the command-measurement com-
plex during the period of training sessions and real flight was accomplish-
ed from a special room (main control hall) located at the Control Center

and supplied with apparatus for the visual display of the results of process-
ing of different kinds of information for group and individual use. Figure
34, which shows the general interior, illustrates the wide-format wall dis-
plays and the working places of the operators, arranged in several rows,

and the means for individual display and communication adjoining them.

Special training groups participated in this work. Their task included the
maximum complication of the "flight" of both ships. For this purpose in

the course of modeling of the "flight" the greatest possible number of
"failures" of the on-board and ground systems was introduced. These "failures"
were unknown in advance either by the control personnel or by the crews.

The simulation of nonstandard situations in the course of such training ses-
sions played an important role in the preparation of the control services
of the center, which long before the real flight were psychologically pre-

- pared for their possible appearance and the most rapid possible elimination
of the consequences which arise. ‘ ' .

The most important planned operations of the program were repeatedly prac-
ticed in models. For example, the launching of the "Soyuz" and "Apollo"
-- with all possible deviations -- was practiced 12 times, the docking and
2 . . \'\- :‘ , :
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transfers of the crews —- 14 times, the undocking —- 10 times and the de-
scent of the "Soyuz" -- 12 times,

Thus, on the basis of physical and mathematical modeling, long before the
launching there was a ''playing through" of all the operations for control

of the "Soyuz" and "Apollo" ships, which made it possible to detect and
eliminate shortcomings in the flight plan, inadequacies of technical equip-
ment and organizational structure. On the basis of data on the training ses—

-slons it was concluded that the control services were ready for undertaking

of the flight.

In the stage of preliminary preparation of the flight, thus, studies were
made of the a priori results of analysis of information, obtained from phys=-
ical and mathematical models which during implementation of real ship

flight were subjected to comparative analysis with data transmitted from
aboard the ship, In the case of their correspondence the operations indicat-
ed in the plan were realized in a stipulated sequence. Such an operating

~scheme for the Flight Control Center is characterized by a high routineness

and reliability, which is usually required when there is assurance of manned
flights with a high degree of complexity.

Adoption of Decisions

The adoption of a decision and its subsequent realization by the actuating
components of the "earth-space vehicle" control circuit is the final and an
especially important operation in the entire flight control process.

In the automated control system the adoption of a decision on control of a
space vehicle and all the ground services of the circuit used for this pur-
pose is based on an analysis of the incoming information on the state of
the space vehicle and the elements of the command-measurement complex. The
adoption of a decision is the prerogative of the flight director, who is
given the necessary rights and authority and has the responsibility for
carrying out the control tasks with the required effectiveness.

We note that until recently the adoption of a decision was based on subject-
ive qualities (experience, intuition, etc.) of the person who adopted the
decision. Only recently the science of adoption of decisions was developed,
and still later the mathematical theory of adoption of decisions. The devel-
opment of the theory of adoption of decisions is comstantly stimulated by
the appearance of new problems in the control of different objects and the
development of the corresponding mathematical approach.

The problem of adopting a decision arises most acutely in the case of ap-
pearance of conflicting situations. The simplest examples of such situations
are usually formulated in the terms: "expenditures -~ effectiveness." The -
desire to obtain a system with a high efficiency is contradictory to the neces-
sity of limiting the expenditures of the corresponding material resources.

3
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The situation is called problematical if the number of possible reasonable

decisisns in it exceeds unity. The number of possible decisions can be fin-

ite or Infinite, with & known or unknown number. In the latter case one can -
speak of "decision space."

In those cases when the set of possible decisions is finite, the choice of -
the best of them can be made on the basis of an investigation of a number
of variants. Then as the optimum a decision is adopted which is the best
from the point of view of a stipulated effectiveness index. The evaluation
and choice of an optimum decision under the condition that their total pos-
sible number is relatively small are carried out on the basis of an examin-
ation of the problems of analysis of the system with different inputs, each
of which corresponds to its variant of the decision.

Thus, in the process of functioning of complex control systems the process

of adoption of a decision is realized as the problem of choice of control,

shifting the system from the stipulated into the desired. The adopted de-

cision can correspond to some specific situation, but also can contain more

abundant information concerning the desirable behavior of the system in de-

pendence on the developing conditions. Such a method for stipulating be-

havior is called the strategy of behavior. The choice of a definite strat-

egy of behavior means the setting of the totality of rules in accordance

with which entirely definite decisions are made in dependence on the past,

present and future states of the system and medium in which this system

functions. Therefore it should be noted that the problem of finding a

rational (in one sense or another) strategy of behavior is substantially

more difficult than the problem of choice of a decision in some specific

situation. The quality of the decision or strategy of behavior selected

in this case, that is, the effectiveness of control, is determined by the .
numerical values of the corresponding effectiveness index. -

From the purely mathematical point of view the problem of the choice of
optimum control in some specific situation is formulated as the problem
of seeking the vector X, providing the extremal value (maximum or minimum,
in accordance with the meaningful criterion) of the index of effectiveness of
control —— the "target" or "purpose" function E(X). However, if reference
is to the choice of the optimum strategy of behavior, the corresponding
problem, as a rule, is interpreted as the problem of seeking the vector
function X(t), providing the extremal value of the "target" or "purpose"
functional Y = {X(t)} . Definite limitations are usually imposed on the
components of the X vector (the same as on the components of the vector
function X(t)).

In conclusion we will say that in formalization of the problem of choiég

of an’ optimum strategy of behavior the problem of quantitative validation
of the decision using several effectiveness indices does not remain deter-
mined and the final choice of a decision is determined by the act of will
of the persons adopting the decision. The task of the researcher (analyst)
is to have at his disposition an adequate volume of data, making possible

N
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a thorough evaluation of the advantage and shortcoming of each variant of
the solution and, relying on them make a final choice.

In those cases when a space vehicle or its individual subsystems act in
automatic control regimes and the influence of the subjective factor on
control processes is reduced to a minimum, the problem of adopting a de-
cision is assigned to different automatic apparatus or regulators. Thus,
in the process of spatial orientation of a space vehicle the mentioned
effects of perturbing moments are automatically "extinguished" by actuat-
ing components on the basis of commands (decisions) of the gyroscopic or
other control system. In the case of a "soft" landing on the moon the
adoption of a decision aund a command for the firing of the braking engine
are formed automatically when attaining a stipulated altitude. In both
cases the adoption of a decision is accomplished by programming, provid-
ing for an influence of a priori and a posteriori effects on the space
vehicle.

Due to the fact that the space vehicle is acted upon by a great many random
factors, characterizing the external medium and its state at each stipulat-
ed moment in time, and their full allowance is physically impossible, the
control process is accomplished under conditions of some indeterminancy and
risk.

- Under these conditions the problem of adopting a decision can be interpreted
as a problem in seeking decisions in a "two-component game," one of the com
ponents being nature and the other being the space vehicle. A peculiarity of
the "nature" player is that it does not strive to draw advantage due to the
erroneous actions of the second player; it behaves neutrally relative to its
actions. Games of such a kind are called statistical, in contrast to antag-
onistic and other games. The "nature" player can have the following inform-
ation: the set of states 01, 09yeens Oq; the set of possible actions or
strategies X; the distribution of probabilities of the state of nature P(0);
the set of outcomes Y; the functions of evaluation of the outcomes ¢ (Y)
which can serve as functions of usefulness of the actions X leading to the
outcome Y.

Since the outcome (result of control) Y unambiguously is determined by the
parameters. O, X, it is possible to compute the distribution of probabilit~
ies P(Y/X) and accordingly the mean value of the usefulness function.

Thus, the problem of adopting a decision under uncertainty conditions can
be reduced to the problem of mathematical programming in which there is a
maximizing of the value of the usefulness function (efficiency) U(X).

In the formulas for the usefulness functions the probabilities of the out-
comes can be determined on the basis of either a priori information on the

state of nature or a posteriori information. In this connection the statis-
tical games can be games without an experiment or games with an experiment.

85

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200020029-6

FOR OFFICIAL USE ONLY

The carrying out of experiments and their necessity are dictated by the
difficulty in the mathematical formalization of many control processes
transpiring in the space vehicle as a result of their qualitative novelty

- and complexity. The complex of experiments -- and by this is meant various
investigations and tests of the vehicle and its individual subsystems in
the stages of development and construction -- makes it possible, in advance,

to refine their behavior under artificially created conditions closest to
real, which on the whole increases the usefulness function (efficiency) of
the space vehicle. In this stage the main control problem is worked out —-—
the optimum solution is found on the basis of the analyzed (input and out-
put) informationm.

The results, which include a complex of formulated controlling decisionms,
following in a definite sequence and tied in to a time scale, are formaliz-
ed in the form of a highly informative or graphic "network" flight plan.
The necessity for timely formulation of such a plan is determined by the
rigorous requirements of space vehicle operational control.

Since the dynamics of the space vehicle and the processes transpiring in
it is extremely high, all the optimum decisions during the planned control
must be formulated in advance. In this case the control process is reduced
to on-going monitoring of the state of the space vehicle and the realiza-
tion of the planned operations.

The flight plan is an extremely important document. For all practical pur-
poses it reflects the operation of the "space vehicle - earth" circuit
in the course of the entire period of space vehicle functioning. The con-
tent of the plan includes a list of communication contacts with the vehicle,
the range of operations and experiments carried out in each session, the
number and designations of the command-measurement points and.the means
for supporting the space flight, the range of controlling commands and

- the list of operational information necessary for analysis of the state
of the space vehicle during the period of the session. All the plan opera-
tions and the range of the adopted decisions with the, anticipated results
with their realization are tied in to a uniform time scale whose initial

- reckoning point is usually the time of launching of the space vehicle,

then scaled to the zonal time.

= Equally important for space vehicle control is also a list of preformulat-

- ed variants of the decisions which must be made in various most probable
anomalous situations, the possibility of whose appearance is not precluded,
This list gives a series of the most acceptable recommendations and decis-

2 ions, making it possible to minimize the possible consequences of anomal-
ies appearing aboard the space vehicle in the shortest time intervals.

' In those cases, when the choice of a.variant of the decision is not provid-
ed for by the flight plan and the list of anomalous situations, the decis-
ion is made on the basis of.a routine analysis of the collected informa-
tion, taking into account experimentation and sound reasoning. Under such
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conditions space vehicle control is considered most complex and important.
The adoption of a decision is made easier i1f one takes into account the
mathematical-statistical methods for the analysis of information from

past communication sessions, and also on the basis of already conducted
launchings of space vehicles of a similar type. An analysis of the func-
tional and correlation relationships among the individual subsystems of a
space vehicle, in some cases making possible a routine clarification of

the reasons for the anomalies and a formulation of the probable ways to elim-
inate them, also can be extremely important.

It should be noted that the problem of adoption of decisions also has a
psychological aspect, since a decision is made by man with his character-
1stic subjective peculiarities. In this connection it must be emphasized
how important it is to have a direct dialogue between the person making the
decision and the specialists carrying out the analysis of information and
the formulation of the possible variants of the decisions. Only with such
a dialogue is it possible to clarify in detail all the "pros" and "cons"

of any selected decision and the contribution or input of the director
will be determined by his ability to weigh all the positive and negative
consequences of the adopted decision.
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